Discovery: The Student Journal of Dale Bumpers College of Agricultural, Food and Life Sciences - Volume 20 2019 by Authors, Several
Discovery, The Student Journal of Dale Bumpers College of
Agricultural, Food and Life Sciences
Volume 20 Article 1
Fall 2019
Discovery: The Student Journal of Dale Bumpers
College of Agricultural, Food and Life Sciences -
Volume 20 2019
Discovery Editors
Follow this and additional works at: https://scholarworks.uark.edu/discoverymag
Part of the Agribusiness Commons, Agricultural Economics Commons, Agricultural Education
Commons, Agronomy and Crop Sciences Commons, Animal Sciences Commons, Botany
Commons, Communication Commons, Entomology Commons, Environmental Studies Commons,
Food Science Commons, Home Economics Commons, Horticulture Commons, and the Nutrition
Commons
This Entire Issue is brought to you for free and open access by ScholarWorks@UARK. It has been accepted for inclusion in Discovery, The Student
Journal of Dale Bumpers College of Agricultural, Food and Life Sciences by an authorized editor of ScholarWorks@UARK. For more information,
please contact ccmiddle@uark.edu.
Recommended Citation
Editors, Discovery (2019) "Discovery: The Student Journal of Dale Bumpers College of Agricultural, Food and Life Sciences - Volume
20 2019," Discovery, The Student Journal of Dale Bumpers College of Agricultural, Food and Life Sciences. University of Arkansas System
Division of Agriculture. 20:1-100.
Available at: https://scholarworks.uark.edu/discoverymag/vol20/iss1/1
Dietetics Student of the 
Year Making a  
Difference Locally With 
Research
The Student Journal of Dale Bumpers College of Agricultural, Food and Life Sciences
Vol. 20 Fall 2019
Dale Bumpers College of
Agricultural, Food and Life Sciences
The Student Journal of Dale Bumpers College of Agricultural, Food and Life Sciences 1
The Student Journal of Dale Bumpers College of Agricultural, Food and Life Sciences
Vol. 20 Fall 2019 
Beth Kegley
Faculty Editor
ekegley@uark.edu
Gail Halleck
Managing Editor
ghalleck@uark.edu
Deacue Fields
Dean  
Dale Bumpers College of Agricultural, 
Food and Life Sciences
University of Arkansas System
Division of Agriculture
Lona J. Robertson
Associate Dean
Dale Bumpers College of Agricultural,
Food and Life Sciences
Jean-François Meullenet
Senior Associate Vice President for 
Agriculture–Research  
and Director
Arkansas Agricultural Experiment Station
University of Arkansas System
Division of Agriculture
 
Discovery is published annually by the  
University of Arkansas System 
Division of Agriculture 
https://division.uaex.edu/ 
and Dale Bumpers College of 
Agricultural, Food and Life Sciences.
https://bumperscollege.uark.edu/
The University of Arkansas System Division of 
Agriculture offers all its Extension and Research 
programs and services without regard to race, color, 
sex, gender identity, sexual orientation, national 
origin, religion, age, disability, marital or veteran 
status, genetic information, or any other legally 
protected status, and is an Affirmative Action/Equal 
Opportunity Employer.  
Contents
Undergraduate Research Articles
Greenhouse aquaponics: custom aquaponics systems at home
Jesse Blanchard, David G. Hyatt, Jennie Popp, and Leah English ........................................... 6
Impact of selected infrared wavelengths on inactivation of microbes on rough rice
Rebecca Bowie, Abass A. Oduola, Zeinab Mohammadi Shad, 
Shantae A. Wilson, and Griffiths G. Atungulu .................................................................... 13
Observations and applications of husbandry methodologies on a backyard 
  poultry farm in Dangriga, Belize
Bailey Carpenter and Fred Dustan Clark ........................................................................... 21
The effects of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) 
  on brown adipogenesis in stem cell culture
Darynne Dahlem and Yan Huang ...................................................................................... 27
Anthocyanin stability in food products made with freeze-dried blueberry powder
Samantha Findley and Luke Howard ................................................................................. 33
Geospatial analysis of rickettsial species in Arkansas
Amy Frank and Ashley Dowling ......................................................................................... 42
The diversity of terrestrial mammals surrounding a waterfall at 
  Billy Barquedier National Park
 Kelsey L. Johnson and Jason Apple .................................................................................... 51
Identifying Arkansas Food Desert Blocks Suitable for a Peer-to-Peer 
  Modeled Food Redistribution Program
Emily King, Jennie Popp,  Michael Thomsen, Di Fang, and Alvaro Durand-Morat .............. 62
Evaluating rice straw as a substitute for barley straw in inhibiting 
  algal growth in farm ponds
Jacob Maris, Mary Savin, and Lisa Wood ........................................................................... 69
Cover: Features the research of Bumpers student Laura Wasson, a Human Nutri-
tion and Hospitality Innovation major, who looked at increasing low-income resi-
dents’ access to fresh produce through a local mobile pantry. Laura was presented 
with the Arkansas AND Outstanding Dietetics Student Award at the state meeting 
of the Arkansas Academy of Nutrition and Dietetics in Little Rock, April 2019.
Dale Bumpers College of
Agricultural, Food and Life Sciences
2   DISCOVERY   •   Vol. 20, Fall 2019
The Student Journal of Dale Bumpers College of Agricultural, Food and Life Sciences
Vol. 20 Fall 2019 
Editorial Board
Fred Dustan Clark
Distinguished Professor
Department of Poultry Science
fdclark@uark.edu
John R. Clark
Distinguished Professor
Department of Horticulture
jrclark@uark.edu
Ashley P.G. Dowling
Associate Professor
Department of Entomology
adowling@uark.edu
Luke Howard
Professor
Department of Food Science
lukeh@uark.edu 
Don Johnson
Associate Poultry Center Director
Department of Agricultural Education, 
Communications and Technology
dmjohnso@uark.edu
Michael P. Popp
Professor
Department of Agricultural 
Economics and Agribusiness
mpopp@uark.edu
Mary Savin
Professor 
Department of Crop, Soil, 
and Environmental Sciences
msavin@uark.edu
Kathleen R. Smith
Clinical Associate Professor 
Apparel Merchandising and 
Product Development
School of Human and 
Environmental Sciences
kasmith@uark.edu
Increasing low-income residents’ access to fresh produce 
  through a local mobile pantry
Laura Elizabeth Wasson, Lawton Lanier Nalley, Mechelle L. Bailey, and Laura L. Hill....... 80
Determination of optimum harvest date for winter malting 
  quality barley in Northwest Arkansas
Paul D. Wolf, David Moon, and Richard Esten Mason ....................................................... 86
Call For Papers ........................................................................................................ 94
Instructions for Authors...................................................................................... 95
The Student Journal of Dale Bumpers College of Agricultural, Food and Life Sciences 3
 
Letter from the Dean
As Dean of the Dale Bumpers College of Agricultural, Food  and Life Sciences, I am continuously impressed by and 
pleased with the passion of our students and their motivation to 
answer questions, solve problems, bring attention to issues and 
truly make an impact in their various fields of interest.
Our purpose is to serve the people of our state, across the coun-
try and around the world. With our innovative programs, expert 
faculty and outstanding students, we will continue to do everything 
we can to improve the quality of life for everyone as our students 
become scientists, innovators, managers, policymakers, entrepre-
neurs, educators, and most importantly – difference makers.
Our students are preparing for successful careers, conducting 
impactful research, and sharing knowledge. The Discovery under-
graduate research journal highlights the efforts of just a few of 
our talented students. Many of our outstanding faculty work with 
them to produce what you see here.
In this issue, you’ll find results of projects by students and their mentors from the De-
partment of Agricultural Economics and Agribusiness, the Department of Animal Science, 
the Department of Crop, Soil and Environmental Sciences, the Department of Food Sci-
ence, and the Human Nutrition and Hospitality Innovation Program in our School of Hu-
man Environmental Sciences.
We encourage undergraduate research by awarding undergraduate research grants. Our 
students compete for research and travel grants awarded by the University of Arkansas 
Honors College and the Arkansas Department of Higher Education SURF grants program.
Projects may be designed to meet requirements for an honors project in the Bumpers 
College Honors Program. One of our goals is to prepare students to be responsible leaders 
with strong communication skills and problem-solving abilities. Inside this issue, you will 
find studies that highlight and exemplify those qualities in our student researchers and 
future leaders.
Congratulations to the student authors on completing your project. And thank you to 
the faculty mentors and editors who worked with them to make this collection possible. As 
a college, we are pleased and proud to present their work in a citable publication as a service 
to them and our readers.
Deacue Fields
Deacue Fields, Dean 
  Dale Bumpers College of Agricultural, Food 
  and Life Sciences
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Jennie Popp, Professor, Associate Dean of the 
Honors College, and Co-chair, Service Learning 
Initiative.
A Message from the Associate Dean of the Honors 
College and Co-chair of the Service Learning Initiative
Service learning is a teaching method that combines learning  goals and community service to affect growth both among 
students and within society. In its five-year existence at the Univer-
sity of Arkansas, the Service-Learning Initiative has been charged 
with organizing and expanding service-learning-based course of-
ferings. With support from the Honors College, we have expanded 
those efforts to include service-learning research opportunities. In 
my dual roles as associate dean of the Honors College and co-chair 
of the Service-Learning Initiative, I assist faculty and students in 
discovering connections between learning and community need. 
I also help students earn recognition for service learning on their 
transcripts and identify potential funding sources for their research. 
Bumpers College faculty are leading students in strong academ-
ic research projects that address community needs, both locally 
and around the world. This issue of Discovery highlights three 
such projects. Laura and Bailey’s research projects took on food insecurity—one project in 
Washington County, Arkansas, and the other 2,200 miles away in Dangriga, Belize. Belize 
also served as a backdrop for Kelsey’s research, which focused on small mammal identifica-
tion in an effort to develop a baseline inventory for researchers at a national park.  
These three projects show that service-learning research possibilities are wide-ranging, de-
pending on community need, student skill set and desired location. Further, interacting with 
community partners (whether human or small mammal) often results in unforgettable, life-
changing experiences for the students. Any individual research project may not completely 
solve a great problem like food insecurity, but these experiences can move the needle closer to 
a permanent solution while having a positive impact on both the student and the community. 
Thank you, university faculty and staff, Seeds that Feed, Billy Barquedier National Park and 
Derek Jones for guiding our students through these research projects (as the saying goes, it 
takes a village). Thank you, Discovery editors, for helping the students share these experiences 
with the world. Finally, thank you, students, for your dedication to these sometimes uncon-
ventional research experiences. You’re showing Arkansans what we already know here at the 
University of Arkansas: that when the university and communities come together to address 
a need through research, great benefits can be generated for all.
Jennie Popp
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Discovery on ScholarWorks@UARK
Journal management and submissions are now facilitated through ScholarWorks@UARK, the institu-
tional research repository for the University of Arkansas:
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Growing up on an equestrian farm with a range of 
explorable land having both terrestrial and aquatic life, 
I have always been interested in natural systems-espe-
cially below water. This is due in part to learning to fish 
as a child backpacking with my father, Mike, who con-
tinued to encourage this hobby and even landed me an 
internship opportunity on a fish farm at Bell Aquaculture 
while still in high school. With a combination of techni-
cal skills learned at home and from the Prairie Grove 
agricultural program paired with the new knowledge of 
fish farming operations, the ideas for small scale aqua-
culture began. I pursued an agribusiness marketing and 
management major with a minor in Sustainability at the 
University of Arkansas. These areas of study along with 
the opportunity to conduct funded research through the 
Honors College allowed me to construct and operate my 
first aquaponic system as a means of gaining research 
and physical experience in what I believe may be a pos-
sible future in producing fruits and vegetables. I would 
like to thank my thesis mentor, Dr. David Hyatt along 
with my committee members Dr. Jennie Popp and Leah 
English for guiding me through the research portion of 
this invaluable project. I would also like to give special 
thanks to Mike Blanchard, John Blanchard, and Alex 
Fisher for their help in constructing and improving the 
system and its greenhouse shell. 
Meet the Student-Author
Jesse Blanchard
Research at a Glance
• Consumers nationwide are becoming more 
conscientious of where their food comes from and 
demand locally grown or environmentally friendly 
products.
• Aquaponic systems offer high-quality fruits and 
vegetables along with fresh fish proteins at home.
• "Do it yourself " (DIY) methods provide wide 
ranges of availability in production and aesthetic 
properties for all interested producers.
Jesse holding golden shiners from his aquaponic 
project on his family's farm in Prarie Grove, Arkansas.
Greenhouse aquaponics: Custom aquaponic systems at home
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Greenhouse aquaponics: Custom 
aquaponics systems at home
Jesse Blanchard*, David G. Hyatt†, Jennie Popp§, and Leah English‡
Abstract
Taking advantage of inherent natural systems, aquaponic practices hold the potential to serve 
as an educational, sustainable, and profitable hobby for home gardeners facing common con-
straints such as temperature, space, and pests. The goal of this research was to assess the feasibility 
of implementing a small scale (4542-L) home-based aquaponic system in a small (48.768 m2) 
greenhouse to produce fresh produce and fish protein. System construction and maintenance 
costs were compared to the value of crops and fish produced to determine whether this aqua-
ponic system is a feasible option for the home grower. It was hypothesized that this system would 
break even in five years. Results showed that such a system can be successfully built and operated 
to yield fresh produce, fish protein, and a high value composted fertilizer on an annual basis. 
However, the payback period for the system can be five years or even longer, depending on the 
estimation of future costs and benefits and discount rates used. Results and experience from the 
greenhouse system have been and will continue to be used for system improvements, education 
on natural systems, designs for others, as well as a guide for aquaponic systems moving forward.
* Jesse Blanchard is a May 2019 Honors program graduate with a major in the Department of Agricultural  
   Economics and Agribusiness.
† David G. Hyatt, faculty mentor, research associate professor, Walton College of Business.
§ Jennie Popp, professor, Department of Agricultural Economics and Agribusiness.
‡ Leah English, technical assistant II, Department of Agricultural Economics and Agribusiness.
Undergraduate Research Articles
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Introduction
Aquaponics can be defined as “the cultivation of fish and 
plants together in a constructed, re-circulating ecosystem 
utilizing natural bacterial cycles to convert fish wastes to 
plant nutrients” (Sawyer, 2010). This process is the combina-
tion of aquaculture and hydroponics which can be thought 
of as fish farming and soilless gardening, respectively. By 
first taking advantage of Nitrosomonas sp. bacteria in order 
to convert the ammonia from fish waste into nitrites (NO2) 
aerobically and then into nitrates (NO3) with Nitrobacter 
sp. bacteria, the ammonia which is toxic to fish is efficiently 
converted into a readily available solution for healthy plant 
growth (Backyard Aquaponics, 2012).
The goal of this research was to assess the feasibility of 
implementing a small-scale, home-based aquaponic system 
to produce fresh produce and fish protein. System construc-
tion and maintenance costs were compared to the value of 
crops and fish produced to determine whether this aqua-
ponic system is a feasible option for the home grower. It was 
hypothesized that this 4542-L system would break even in 
five years.
Materials and Methods
System Design
Unlike James Rakocy and a team at the University of 
the Virgin Islands who constructed what is regarded as 
the first successful commercial system, much of the aqua-
ponic world revolves around "do it yourself " (DIY) style 
builds (Rakocy, 1989). An online search yields abundant 
sources for custom designs that the average person with 
a few minor technical skills in construction and plumb-
ing can manage. For this project, the greenhouse system 
was designed completely from DIY methods devised and 
implemented on the go, in order to add the crops desired 
by the family (Michell, 2019).  
The greenhouse system included: the construction of 
both a small (48.768 m2 ) greenhouse (Fig. 1) as well as a 
4742-L aquaponics system: one 2271-L lined sump tank 
below ground, one 1135-L and one 378-L Rubbermaid 
water troughs as fish tanks, three 208-L drums cut in 
half with bell siphons and filled with pea gravel, 7.62 m 
of 7.62 cm PVC with pea gravel-filled net pots, and one 
0.914 × 2.438-m lined wooden box with Styrofoam rafts 
Fig. 1. Greenhouse structure with horse manure compost heater and raised 
garden beds for transplanting larger plants.
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complete with pea gravel-filled net pots. This system was 
completed in approximately 55 man-hours total between 
three people from March through June 2018. 
The sump tank acted as the lowest point in a system 
where water is pumped up from and returned to by grav-
ity. The sump tank received oxygen from an air pump via 
air-stone as well as mesh bags filled with expanded clay 
to serve as surface area for the nitrifying bacteria to con-
vert ammonia into nitrates. Fifteen young bluegill perch 
and pond snails caught from the landholder’s pond were 
put into the covered sump to aid in breaking up solid 
waste accumulation on the bottom as well as to consume 
any mosquito larva present. 
From the sump tank, nutrient-rich water was pumped 
up to six half 208-L barrels filled with pea gravel before 
exiting through bell siphons. These media-filled grow-
beds were used to grow crops that required deeper root 
systems to hold up their stalks while also serving as a 
water oxygenation method (Fig. 2). Water fills the tank 
until it reaches the top of the standpipe where it creates a 
siphon that rapidly drains water out of the media down 
to the break in the bell. This ensured that the plants did 
not become oxygen-starved and flooded as each grow-
bed filled with water and drained every 20 to 30 minutes.
After flowing through the standpipes, the water 
drained into the 1135-L primary fish tank stocked with 
130 tilapia purchased from the Tilapia Depot (Tilapia 
Depot, 2019). This simple tank received a similar air-
stone as the sump tank to provide oxygen to the fish 
along with a PVC and Styrofoam cover to prevent the fish 
from jumping. Here, the water flow split into two paths: 
one pumped up to 7.62 cm PVC pipes for a continuous 
flow growth method, and the other overflowed into the 
lined Styrofoam raft system. The continuous flow pipes 
resembled an overhead square with holes containing pea 
gravel-filled net pots on the top before draining down 
into the 378-L fish tank. Mesh wire was stapled around 
the PVC square to offer growth room for cucumber and 
watermelon vines planted in the net pots. Although the 
378-L tank was never used to house fish in the initial sys-
tem, it worked as an added buffer in water volume before 
draining back into the sump via overflow.  
Fig. 2. Bell Siphon housed in media filled drums with tomatoes, bell peppers, mint, and basil present.
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Overflowing through a 2.54 cm PVC pipe from the 
1135-L tank, the other water route flowed into a 15.24 cm 
deep lined wooden box with a standpipe overflow into 
the sump. Floating styrofoam rafts with holes cut out to 
place pea gravel-filled net pots for planting filled this box 
(Fig. 3). This section received the most nutrients as it was 
directly after the main fish tank and thus acted as a plant 
nursery where seeds were planted to be later transplanted 
into the bell siphon grow-beds. After transplanting the 
other crops, mint was allowed to take over this section 
to create a massive filter for the accumulating nutrients 
in the system. 
System Maintenance
Overall, daily maintenance in the greenhouse sys-
tem was minimal and included feeding fish, trimming 
plants, measuring water quality, and adding weekly ap-
proximately 227 L of water when evaporation rates were 
highest in late August. In year one, there were a few small 
leaks in the system that were repaired with silicone seal-
ant. After initial cycling, the water parameters settled into 
the ranges of 7 to 9 pH and <1 ppm ammonia, nitrite, and 
phosphate. These fall within optimal ranges for tilapia 
(Michell, 2019). Finally, the addition of three purchased 
common pleco (Hypostomus plecostomus) which were 
utilized as algae and waste removers, ladybugs caught 
near the greenhouse for aphid control, and a local bee-
hive for easy pollination drastically reduced additional 
maintenance needs of the greenhouse system. 
Fish and Plant Production Systems
Initially, 130 tilapia were stocked in the system to grow. 
Once harvested, they were replaced with 3000 fingerling 
golden shiners (Anderson Minnows, n.d.). Additionally, 
nine fancy koi and 20 goldfish were added along with 
cattails, Salvinia, and other aquatic plants for aesthetics. 
The three common Plecostomus remained in the system 
for algae control. The fish waste was composted, and with 
Fig. 3. Styrofoam raft nursery with tomatoes, basil, peppers, mint, lettuce, and watermelon 
seedlings present in gravel-filled plastic net pots.
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the addition of worms could be transformed into valued 
vermicompost to be used in gardens. 
Tomatoes, cucumbers, bell peppers, jalapeño peppers, 
watermelon, broccoli, rocket lettuce, squash, basil, and 
mint were grown from seed placed into the system in July 
2018. Harvest began in late August with the leafy greens 
and early October for the fruiting plants. Harvesting 
continued until March 2019 when many of the plants were 
removed/relocated for remodeling. Even with cool tem-
peratures, the greenhouse encasing the crops allowed 
production to continue throughout the winter and ripe 
tomatoes were even picked in March. 
Cost-Benefit Analysis
A cost-benefit analysis was conducted using actual 
system expenditures and revenues for 2018 and pro-
jections of costs and revenues for six more years. Note 
that estimations on costs are likely slightly overvalued 
to account for unknown issues that could be caused by 
weather, unforeseen damages, and replacement of equip-
ment. Following Adler et al. (2000), the net present value 
(NPV) of the project was examined using discount rates 
of 4%, 6%, 8%, and 10% to determine: 1) whether the 
project broke even within the expected time period, and 
2) under what range of discount rates the results held. 
Results and Discussions
Current and Future Cost and Revenue Projections
System expenses totaled nearly $8400 in 2018. Infra-
structure and electricity needs topped the costs (Table 1). 
In future years, nominal costs are expected to fall greatly 
as infrastructure and most electricity needs (tied to tilapia 
production) are removed. Based on lessons learned in the 
first year, improvements to system design and a shift to 
cold-water-tolerant baitfish and fancy koi will be made to 
benefit the system and to lower utility costs from heating. 
Ninety-six of the original 130 tilapia survived with an 
average length of 17.78 cm and were moved to a personal 
pond to grow out to 25 to 30 cm. At a price of $3.25 per 
pound, mature tilapia will have an estimated value of 
$144 (Walmart, 2019). The baitfish and composted fer-
tilizer will provide $1400 in revenue annually in future 
years (The Home Depot, 2019).  
Crops produced in 2018 included tomatoes, jalape-
no peppers, bell peppers, yellow squash, mint, and ba-
sil. Based on retail prices of $2.39, $2.39, $5.99, $2.39, 
$14.00, and $7.99 per pound, respectively, total crop 
value was almost $695.00 (Walmart, 2019). The most 
successful plants were tomatoes, bell peppers, basil, and 
mint. The most robust crop, mint, yielded an estimated 
20.5 kg within the first year. 
Table 1. Estimated costs and values of production for the first six years of operation for the greenhouse system including 
improvements and added sources of valuable products planned in the coming years. 
 Greenhouse system 6 year projection, nominal costs and benefits 
 2018a 2019 2020 2021 2022 2023 2024 
Total 6 
Years 
Production costs in $ 
Infrastructure 5296 - - - - - - 5296 
Labor 825 90 50 - - - - 965 
Management 30 30 30 30 30 30 30 210 
Fish and plants 252 400 - - 400 - - 1052 
Feed 150 150 150 150 150 150 150 1050 
Electric utility 1693 420 420 420 420 420 420 4216 
Water utility 46.80 50 50 50 50 50 50 347 
Repairs 25 50 50 50 50 50 50 325 
Improvements 120 400 100 - - - - 620 
Total 8391 1540 800 650 1050 650 650 13,733 
         
Production benefits in $ 
Crops 695 1100 1100 1100 1100 1100 1100 7295 
Tilapia fillets 144 - - - - - - 144 
Baitfish - 440 440 440 440 440 440 2640 
Fertilizer - 960 960 960 960 960 960 5760 
Total 839 2500 2500 2500 2500 2500 2500 15,839 
a Year beginning 1 July 2018. 
         
 1 
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Cost-Benefit Analysis
The net present value of the project was calculated based 
on actual and expected costs and benefits listed in Table 
1. Based on these values, net present valued ranged from 
a high of $1001.34 (at a discount rate of 4%) to a low of 
-$1048.61 (at a discount rate of 10%) over the full period 
of the projected study. When the discount rate is 4%, the 
system breaks even during its fifth full year in operation, 
as expected. This break-even year result holds until the 
discount rate is increased to above 5.85%. This result is 
expected as higher discount rates require large benefits 
related to costs in the early years of a project while lower 
discounts place a higher value on benefits that accrue later 
in a project period.
Conclusions
This study showed that an aquaponics greenhouse sys- 
tem can be designed, installed, and maintained success-
fully in a home environment. Further, it can yield suf-
ficient amounts of fresh produce and fish protein for a 
family to replace much of the purchasing needs for those 
items. The cost-benefit analysis showed that only under 
low discount rates (<5.85%) did the system break even 
after five full years of production. However, this analysis 
provides the “pessimistic results” as the cost-benefit anal-
ysis likely: 1) overestimated both current and future costs 
as the “learning curve” continues on operations, and 2) 
underestimated benefits as there was no “premium” esti-
mated on the sale of local products, and benefit estimates 
did not consider the non-market benefits of the aesthet-
ics provided by the systems aquatic environment. 
While difficult to replicate exactly, the extreme versa-
tility of system designs behind aquaponic systems allows 
any interested and dedicated person access to an exciting 
method for producing homegrown fruits and vegetables 
alongside decorative or harvestable fish. Despite not yield- 
ing as much as projected in the first year due to cold tem- 
peratures, the first-year experience suggested the begin-
nings of a solid aquaponics operation able to care for itself 
with only minor maintenance in the coming years. Results 
and experience from the operation will be used to further 
optimize the greenhouse system as well as design and im-
plement similar systems to meet specific goals for pro-
duced items or styles.
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• Storage of rough rice in an inappropriate 
condition may lead to the growth of microbes 
such as mold and bacteria and may affect the 
quality and safety of the rough rice. 
• Infrared heat treatment and tempering are 
effective in inactivating the microbes that may 
contaminate rough rice.
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in the industry and is more pronounced for 
mold than bacteria.
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Impact of selected infrared 
wavelengths on inactivation 
of microbes on rough rice
Rebecca Bowie*, Abass A. Oduola†, Zeinab Mohammadi Shad§, 
Shantae A. Wilson‡, and Griffiths G. Atungulu¶  
Abstract
The formation of harmful microbes and their associated mycotoxins on rough rice during storage 
presents negative socioeconomic impacts for producers and consumers. The objective of this 
study was to investigate the impact of treating rough rice with selected infrared (IR) wavelengths 
at different IR intensities and heating durations, followed by a tempering step for further inactiva-
tion of microbes (mold and bacteria) on the grain. Freshly harvested long-grain, hybrid, rough 
rice (RT CLXL745) with initial moisture content (IMC) of 18.4% wet basis (w.b.) was used. Two-
hundred grams (200 g) samples of rice were treated at different IR wavelengths (λ), 3.2, 4.5, and 
5.8 μm for 10, 20 and 30 seconds (s); at product-to-emitter gaps of 110, 275, and 440 mm. This was 
then followed by tempering the grain; putting samples in air-tight jars and holding at a constant 
temperature of 60 °C for 4 hours (h).  Inoculated Petrifilm plates for mold and bacterial analyses 
were incubated at 25 °C for 120 h and 35 °C for 48 h respectively. Samples treated at wavelength 
3.2 μm (product-to-emitter gap 110 mm) for 30 s showed the greatest reduction in mold and 
bacterial load; approximately 3.11 and 1.09 log reduction in the colony forming unit of mold and 
bacteria, respectively. Microbial analysis was performed on the rice prior to tempering, then all 
of the rice was tempered and microbial analysis was performed again to analyze the effectiveness 
of a tempering step. Tempering treatment further reduced the microbial load at each IR treat-
ment condition. Molds showed more susceptibility to the IR decontamination than bacteria. This 
study provides useful information on the effectiveness of IR heating and tempering on microbial 
inactivation on rough rice.
*  Rebecca Bowie is a senior honors student with a major in Food Science and a minor in Agriculture Business.
†  Abass A. Oduola is a Ph.D. student in the Cell and Molecular Biology Program. 
§  Zeinab Mohammadi Shad is a Ph.D. student in the Department of Food Science.
‡  Shantae A. Wilson is a Ph.D. student in the Department of Food Science. 
¶  Griffiths G. Atungulu, the faculty mentor, is an associate professor in the Department of Food Science.
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Introduction
Rice is known to be the primary food source for al-
most 50% of the total world population, thereby contrib-
uting about 20% of the total human dietary energy sup-
ply. In order to satisfy import/export demand and supply 
industries, huge amounts of rice are stored after harvest, 
often for more than a year (Fleurat-Lessard, 2017). When 
stored in an inappropriate condition, rice is susceptible to 
microbial contamination that directly or indirectly affects 
the quality and safety of the stored rice (Mohammadi Shad 
and Atungulu, 2019).  
The proliferation of microorganisms on rice leads to 
musty odors, dry matter loss, discoloration, and accumu-
lation of mycotoxin (Christensen and Kaufmann, 1969). 
This is as a result of the action of the spoilage microor-
ganism interacting with themselves, with the grain, and 
with the environment of the storage facilities (Atungulu 
et al., 2018). The moisture content (MC) and temperature 
of rough rice are the two major parameters that influence 
microbial growth. Therefore, to prevent the proliferation 
of microbes, freshly harvested rice must be dried within a 
short duration to an MC of about 12–14% wet basis (w.b.). 
The widely used conventional methods of drying em-
ploy the use of natural air or heated air dryers (Atungulu et 
al., 2019). Unfortunately, these conventional drying meth-
ods are ineffective in inactivating microbes and microbial 
spores that may contaminate the rice kernels (Wilson et 
al., 2017a). Therefore, it is of high importance to develop 
alternative methods of drying that can concomitantly dry 
and disinfect rough rice.
Infrared (IR) heating has been linked with the merits 
of higher energy transfer rate, shorter duration of drying, 
mild environmental footprints, and better or comparable 
product quality compared to convectively heated air treat-
ments (Wang et al., 2011). In addition, IR heating has the 
potential to simultaneously dry and disinfect rough rice. 
For industrial applications, IR energy emission can be real-
ized through design of IR emitters. The temperature of the 
emitter is used to determine the wavelength at which the 
maximum radiation occurs. Infrared can be classified into 
near-infrared (NIR), mid-infrared (MIR) and far-infrared 
(FIR) with wavelength ranges 0.75–1.4 µm, 1.4–8 µm, and 
8–1000 µm, respectively (Krishnamurthy et al., 2008). 
Generally, radiation penetration depth associated with 
IR heating is rather shallow. Therefore, IR treatment sup-
plies high heat flux on the surface of the treated product. 
In the case of grain treatment, the IR heat dissipated on the 
surface of the grain may lead to case-hardening, surface 
discoloration or even burning before maximum moisture 
removal is achieved (Wilson et al., 2017b). Incorporating 
tempering steps may help to alleviate these challenges. The 
tempering process allows moisture redistribution through-
out the grain and eliminates moisture gradients generated 
during previous IR heating cycles; hence, it makes the next 
IR heating cycle effective in moisture removal (Li et al., 
1998; Nishiyama et al., 2006). During the tempering stage, 
there is no transfer of IR energy to the grain, but the grain 
is allowed to rest at a constant temperature. Therefore, IR 
heating followed by a tempering step may have a higher 
potential to simultaneously dry and disinfect rough rice 
than just the application of IR heating. 
This study aimed to investigate (i) the influence of using 
selected IR wavelengths on decontamination/inactivation 
of microbes (mold and bacteria) on rough rice and, (ii) the 
impact of incorporating a tempering step, in addition to 
selected IR wavelength treatment, on inactivation of the 
microbes. 
Materials and Methods
The rice used was long-grain, hybrid, rough rice (RT 
CLXL745) obtained in 2016 from Poinsett Rice Inc., 
Waldenburg, Arkansas. Freshly harvested rough rice with 
initial MC of 18.4% w.b. was immediately cleaned using 
dockage equipment (MCi Kicker Dockage Tester, Mid-
Continent Industries Inc., Newton, Kan.). The cleaned 
rice was put in tubs, sealed, and stored in a laboratory 
cold room set at 4 °C for 24 months. Twenty-four hours 
prior to conducting experiments, the rice was retrieved 
from the cold room and allowed to equilibrate with a room 
temperature of about 26 °C. The MC of the samples was 
determined by using an AM 5200 Grain Moisture Tester 
(PERTEN Instruments, Hägersten, Sweden) calibrated 
with a convective oven method. 
A newly built, laboratory-scale IR system (Tempco 
Electric Heater Corporation) was used. The system consists 
of three ceramic emitters in one panel, heating chamber, 
product holding bed, and a temperature control console 
as shown in Fig. 1. The emitter has a metamorphic yellow 
(cold) to orange (hot) color. The equipment is made of 
low profile 20-gauge aluminized steel housing. The stan-
dard stocked voltage includes 220–240 V with watt density 
range from 17.1 kW/m2–54.3 kW/m2; the temperature 
generated can be as high as 740 °C. This equipment pro-
duces IR radiation wavelengths of 3 to 6 µm.
The temperature console is used to vary the IR radia-
tion wavelength generated. For instance, wavelengths of 
5.8 µm, 4.5 µm, and 3.2 µm are produced at temperatures 
of 226 °C, 370 °C, and 632 °C, respectively. The wave-
length was calculated using Wien’s Displacement Law 
(Eq. 1).
             Eq. 1
16   DISCOVERY   •   Vol. 20, Fall 2019
  Where λmax is peak wavelength (µm), b is constant of 
proportionality (2900 µm∙K) and T is the absolute tempera-
ture in Kelvin.
A flat rectangular pan was covered with sterile alumi- 
num foil and 200 g of rice samples were weighed into the 
pan and spread out to form a thin layer. Then, the thin-lay-
ered rice samples were put in the IR equipment and treat-
ed at selected wavelengths of 3.2 µm, 4.5 µm and 5.8 µm at 
three different product-to-emitter gaps (corresponding to 
different intensities) for different heating durations. The 
different intensities corresponding to each treatment com-
bination is shown in Table 1. Three replications were done 
at each treatment combination level. After IR treatment, 
the samples were allowed to cool down to about 26 °C be- 
fore they were carefully poured into sterile bags for micro- 
bial analysis. A control rice sample received no treatment.
Following the IR treatments described above, all samples 
were placed inside cleaned 16 oz. jars and covered tightly. 
The jars were then put in an incubator (Thelco Model 4, Pre-
cision Scientific Instruments, Inc., Chicago, Ill.) set at 60 °C 
for 4 h. After the incubation period, the jars were brought 
out and allowed to cool down to room temperature. The 
samples were carefully poured into sterile bags for microbial 
analysis. A control rice sample received no IR and temper-
ing treatment.
Standard procedures for isolation, plating, and counting 
were employed (AOAC, 2002) to determine rice total mi-
crobial load. Phosphate-buffered dilution water (0.5 M, pH 
= 7.2) was prepared and autoclaved at 121 °C for steriliza-
tion (AOAC, 2002).
Microbial analysis was performed twice, once before 
tempering and then once after tempering. A 10-g sample of 
rice was weighed and placed into a sterile stomacher bag. 
Then, 90 mL of sterile phosphate-buffered dilution water 
was added to the stomacher bag and masticated. A lab mas-
ticator (Silver Panoramic, iUL, S.A., Barcelona, Spain) was 
used to dislodge the microorganism. The masticator was set 
at 240 s and 0.7 stroke/s. This process ensured that the rough 
rice samples were pulverized into powder for total micro-
bial load analysis when mixed with dilution water. Serial 
dilutions were carried out by mixing 1 mL of the original 
mixture in the stomacher bag (first dilution–10-1) with 9 mL 
of sterilized phosphate-buffered dilution water in a test tube 
(second dilution–10-2) and so on until the sixth dilution (10-
6) was made.
The 3M Petrifilm Mold Count Plates and 3M Petrifilm 
Aerobic Count Plates (3M Microbiology Product, Minne-
apolis, Minn.) were used in enumerating mold and bacteria 
count, respectively. The plates were placed flatly in the bio-
safety cabinet. The top film of the plate was carefully lifted 
Fig. 1. Newly designed and built equipment for selective infrared heating.
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and a P1000 micropipette (Finnpipette F2, Thermo Fisher 
Scientific, Inc., Vantaa, Finland), placed perpendicularly 
to the plates, was used to transfer 1 mL each of the sample 
solutions onto the center of the two 3M Petrifilm Plates 
(i.e., mold and aerobic plates). The top film was then gently 
lowered. The center of a plastic spreader was placed on the 
plates to align with the center of the plates. Light manual 
pressure was then applied on the plastic spreader to ensure 
even distribution of the inoculum on the Petrifilm plate. The 
gel was allowed to solidify for one minute. The inoculated 
Petrifilm plates with clear sides up were stacked to a maxi-
mum of 20 units and incubated.
The Petrifilm mold count plates and aerobic count 
plates were placed in an incubator (Thelco Model 4, Preci-
sion Scientific Instruments, Inc., Chicago, Ill.) at 25 °C for 
120 h and 35 °C for 48 h, respectively, before counting. Af-
ter the incubation periods, the colony forming units (CFU) 
on each plate were counted. Mold colonies on the plates ap-
peared blue, black, yellow, or green, while bacteria colonies 
on the plates appeared red with a regular shape. The colony 
forming unit per gram (CFU/g) for each sample was ob-
tained using Eq. 2:
   
              Eq. 2
Where Tcfu is total colony forming units per gram of rice 
(CFU/g), Pcfu is colony forming units counted on plate per 
gram of rough rice (CFU/g) and Dr is dilution rate (10-1 to 
10-6 times).
A statistical software JMP version 14.0.0 (SAS Institute, 
Inc., Cary, N.C.) was used to carry out analysis of vari-
ance (ANOVA) using fit model (full factorial analysis) and 
Tukey’s honestly significant difference (HSD) test to deter-
mine significant differences within and among samples. All 
tests were considered to be significant when P < 0.05.
Results and Discussion
The initial mold load for the control samples was 5.74 
log CFU/g. The effect of IR intensity and heating duration 
on the mold load of the samples is shown in Fig. 2. From the 
two-factor factorial analysis carried out, there was an IR in-
tensity and heating duration interaction effect on the mean 
mold load of the samples. Only the highest three intensities 
(15.71, 10.08, and 7.27 kW/m2), all belonging to wavelength 
3.2 µm, reduced the mold load of the rice samples. Greatest 
mold reduction was observed at the highest intensity (15.71 
kW/m2) and longest heating duration (30 s) which brought 
about 3.11 log CFU/g reduction in the mold load. Other 
intensities belonging to wavelengths of 4.5 µm and 5.8 µm 
showed no reduction in the mean mold load of the samples 
regardless of the heating duration. Similar results with the 
current study were reported by Wilson et al. (2017b) where 
the IR heating of corn resulted in about 2.88 log reduction 
in the mold load. Also, Bingol et al. (2011) reported a 5-log 
reduction in the mold load of almond when treated with IR. 
The effect of the IR treatment followed by the temper-
ing step is shown in Fig. 3. The tempering step resulted in 
further reduction of the mold count after every IR treatment 
combination. All IR treatment combinations followed by 
the tempering step had significant effects on reducing the 
mean mold load of the samples. Compared to the IR treat-
ment without tempering at the highest intensity of 15.71 
kW/m2 and longest heating duration 30 s, tempering fur-
ther reduced the mold load by an additional 1.40 log CFU/g 
to bring the mold load reduction to 4.03 log CFU/g. In ad-
dition, for all the IR treatments that showed no significant 
effect, incorporating a tempering step led to a significant 
reduction in the mold load when compared to the con-
trol samples. For instance, the initial mold load of 5.74 log 
CFU/g was reduced to 5.53 log CFU/g after IR treatment 
at 0.73 kW/m2 intensity for 30 s. However, incorporating a 
tempering step at the same IR intensity (0.73 kW/m2) and 
Table 1. Experiment design of different combinations of infrared (IR) 
processing parameters. 
Infrared heating 
duration (s) 
Peak wavelength 
ltemp °C (µm) 
Product to emitter gap 
size (mm) 
Intensity 
(kW/m2) 
 
10 
 
l226 (5.8) 
110 
275 
440 
1.55 
1.10 
0.73 
 
20 
 
l370 (4.5) 
110 
275 
440 
4.13 
2.87 
1.86 
 
30 
 
l632 (3.2) 
110 
275 
440 
15.71 
10.08 
7.27 
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Fig. 2. The effect of infrared heat treatment at different intensities for different heating durations of 10, 20, and 30 s 
on the mold count on the rough rice samples; CFU signifies colony forming unit.
Fig. 3. The effect of infrared heat treatment at different intensities for different heating durations of 10, 20, and 30 s 
followed by tempering at 60 °C for 4 hours on the mold count on the rough rice samples; CFU signifies colony forming unit.
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heating duration (30 s) statistically reduced the initial mold 
load to 2.88 log CFU/g. In agreement with the current re-
sult, Wilson et al. (2017a) reported that IR treatment of corn 
followed by tempering at 50 °C for 4 h resulted in 3.8–4.5 log 
mold reduction. 
The effect of IR treatment on the aerobic plate count 
(APC) of the samples is shown in Fig. 4. The control sam- 
ples had an initial APC of 7.44 log CFU/g. The IR treat-
ment showed low efficiency in deactivating bacteria on 
the samples when compared to its effect on mold decon- 
tamination. Like the result of mold load, the highest inten- 
sity (15.71 kW/m2) at the longest heating duration (30 s) 
showed the maximum reduction; it brought the APC of the 
sample to 6.35 log CFU/g, i.e., a reduction of 1.09 log CFU/g. 
Other IR treatment combinations showed less reduction 
in the APC of the samples. Statistical analysis showed that 
the intensities of 15.71 kW/m2 and 10.08 kW/m2 had 
effects on the mean APC of the treated samples. The low 
reduction in APC by IR heating could be as a result of 
the presence of heat-resistant bacterial spores in the rough 
rice samples. A similar result was found by Staack et al. 
(2008), where they reported that IR heating resulted in a 
maximum reduction of 1 log CFU/g. In addition, Bingol 
et al. (2011) reported a very low reduction (0.62 ± 0.18) in 
the bacterial load when almond was treated using IR treat-
ment. Mackey and Derric (1986) reported that the heat re-
sistance of bacteria increased when bacteria were heated to 
elevated temperatures for a relatively short time. 
Figure 5 shows the effect of the tempering step incor-
porated into the IR heating treatment on the APC of the 
samples. Tempering caused a further reduction in the APC 
when compared to the samples treated without temper-
ing. For instance, tempering the samples that were treated 
at an intensity of 15.71 kW/m2 for 30 s brought about 3.50 
log CFU/g reduction in the APC. Likewise, tempering the 
samples that were treated at an intensity of 0.73 kW/m2 for 
10 s brought about 1.52 log CFU/g reduction in the APC. 
Incorporating the tempering step made all the intensities 
that initially had no effects produce significant reductions in 
the mean bacterial load.
 
Conclusions
The IR treatment was effective in inactivating microbes 
(mold and bacteria) on rough rice. However, incorporat-
ing a tempering step led to further microbial inactivation. 
This treatment combination was more effective on mold 
inactivation than bacteria. Therefore, a longer heating du-
ration may be required to further reduce the bacteria load 
on rough rice. For further study, these findings should be 
extended to inactivating aflatoxin- producing mold—Asper-
gillus flavus—to prevent the production and accumulation 
of aflatoxin on rice. In addition, the implication of the stud-
ied treatments on milled rice yields and quality characteris-
tics should be evaluated.
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Research at a Glance
• There is a need to produce a manual for 
backyard poultry that can be easily accessible 
to those in developing regions attempting 
to improve their nutritional and economic 
standing. 
• Biosecurity protocol, temperature regulation, 
and water and feed accessibility were the 
major factors observed regarding efficient 
poultry production.
• Improvement in biosecurity management and 
housing preparation could result in an overall 
increase in the productivity of poultry in a 
backyard setting with limited resources. Bailey in Nampula, Mozambique in the summer of 2016 working at the local poultry hatchery, New 
Horizons. Her research in Mozambique was where 
she developed an interest in improving poultry health 
as a means to improve global development.
Observations and applications of husbandry methodologies 
on a backyard poultry farm in Dangriga, Belize
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Observations and applications 
of husbandry methodologies 
on a backyard poultry farm 
in Dangriga, Belize
Bailey Carpenter* and Fred Dustan Clark†
Abstract
This study explores the husbandry methodologies on a backyard poultry farm in Dangriga, Be-
lize, with the purpose of producing a set of guidelines for backyard poultry growers that have 
limited resources in similar regions. The majority of data collection occurred through survey 
questions approved by the Institutional Review Board (IRB)—which is responsible for protect-
ing the rights and welfare of human research subjects—necropsies approved by an Institutional 
Animal Care and Use Committee (IACUC), and general observations. There has been a steady 
increase in poultry production in developing regions due to its positive effects on income and 
relative nutrition. However, due to a lack of accessible communication and education regard-
ing effective and safe poultry production, these operators typically see poor productivity and/or 
profitability in their operations. Data were collected over biosecurity, vaccination protocol, water 
quality, feed quality, temperature regulation, housing set-up and preparation, and behavior for 
broilers and layers. Overall, the major factors that appeared to have the greatest impact on the 
birds were low biosecurity measures, low levels of clean available water, and consistently high 
temperatures experienced in the broiler pens. The results for each factor are discussed and it 
was suggested that if small adjustments were made, the birds would experience better health and 
therefore increased productivity. Additional studies regarding E. coli presence in water sources, 
trends in broiler weights, nutritional make-up of feed, and observations of trends in post-mortem 
findings should be conducted.
    
* Bailey Carpenter is an honors program May 2019 graduate with a major in Animal Science with a Pre-Professional concentration. 
† Fred Dustan Clark is the faculty mentor and a Professor in the Department of Poultry Science. 
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Introduction
The United States poultry industry has served as one 
of the leading influences in commercial operations due 
to its advanced technology and overwhelming level of 
resources. According to a report generated by Marin 
Weaver, the U.S. “is the largest poultry producer in the 
world, accounting for approximately one-quarter of 
global poultry production during 2006–12” (Weaver, 
2014). Therefore, it is integral that production processes 
for broilers and laying hens be optimized to uphold the 
utmost level of efficiency. Because of this standard set 
for poultry management around the world, the United 
States is a major player in exports to countries such as 
China, Canada, Mexico, Indonesia, and Thailand (Weav-
er, 2014). In addition to this, the U.S. has also become the 
natural reference point to developing countries, such as 
Mozambique, that need to increase the level of nutrition 
in its inhabitant's  diet and kick-start a stagnant economy 
through the production of chicken. 
After spending just one month in Nampula, Mozam-
bique, a general theme for developing countries became 
apparent: there is an increasing reliance on and signifi-
cance of poultry. One Egg, a company run by Johnwayne 
Kennedy in Nampula, teaches people in the community 
that one egg a day can prevent severe malnutrition, an 
issue that is prevalent in one of three children in devel-
oping countries (Smith and Haddad, 2000). This concept 
of increasing protein in the diet is one that should be 
presented and stressed to all societies struggling to meet 
minimal standards for quality of life. Many individuals 
throughout these countries have begun to produce chick-
ens in their backyards; however, it has come at a larger 
cost due to a lack of training and education (Fred D. Clark, 
pers. comm., 2018). 
Derek Jones, a resident of Dangriga, Belize, is a trail-
blazer in the production of backyard poultry in his com-
munity. He has been working with the University of 
Arkansas for several years in an attempt to improve the 
economic, nutritional, and educational development of 
his community. However, this has come at a cost as he has 
not had the opportunity to evaluate an improve upon his 
own business. Mr. Jones produces and sells both broiler 
chickens and layer hen eggs, but he has recently seen a 
decline in his productivity. There is a rising prevalence of 
disease along with a subsequent rise in mortality, which 
appears to be a direct result of improper management 
protocols. 
The problem Jones is facing is likely similar to those 
also attempting to produce chickens in their backyard. 
Instead of simply giving individuals from growing coun-
tries compensation to produce more birds, it would be 
much more practical to provide these communities with 
useful instructions and proper education regarding poul-
try husbandry. Education would include topics such as bi-
osecurity, vaccination/disease prevention protocols, egg 
temperature regulation, water quality, feed quality, and 
chick-housing preparation. Because the United States, 
and even more specifically Arkansas, is a leading pro-
ducer of poultry, expertise is available to produce an in-
struction manual that could be accessible to those who 
have never before grown chickens. Not only would this 
manual seek to establish a stronger foundation for Belize, 
but if translated across several languages, it would also 
act to bridge the gap between the first and third-world 
countries.
Materials and Methods
The primary factors affecting poultry production were 
addressed by observing biosecurity protocol, water qual-
ity, feed quality, temperature regulation, and housing set-
up and preparation. Each topic was evaluated through a 
series of survey questions approved by the Institutional 
Review Board (IRB), which were later administered to 
Derek Jones as a means to perform an in-depth analysis of 
his biosecurity and vaccination protocols, water and feed 
quality, temperature regulation, and housing set-up and 
preparation for the broilers and layers. Because Jones was 
the only individual responsible for his backyard opera-
tion, the survey was only given to him. Additionally, any 
observations that were pertinent to each subject matter 
were also recorded. To determine the relative effective-
ness of the feed the chicks were receiving, 4 flocks of 8 
birds each were weighed on their day of arrival, and on 
days 3, 5, and 10 of production. Each bird was weighed 
individually using a scale with the weight of the basket 
being subtracted from the total weight. For recording 
purposes, flocks were distinguished between each other 
through a color-coding scheme. Temperature regulation 
was analyzed using 4 Lascar EL-USB-2-LCD USB Data 
Loggers (Lascar Electronics, Inc., Erie, Penn.), which 
were placed in different locations throughout the yard at 
the beginning of the study and remained there until the 
end. The loggers collected temperature (in degrees cel-
sius) in 1-hour intervals throughout each day, and these 
data were then uploaded to a computer in the form of a 
graph to be analyzed later (Table 1). The temperature was 
monitored throughout June on 14 separate days for 24-
hour intervals. To determine the possible prevalence of 
disease, or any other issues related to stunted growth and 
mortality, 8 necropsies were performed with a necropsy 
kit. Two broilers were necropsied on the 8th of June and 
both were from separate flocks. One of the birds was 
necropsied due to its inability to use its right wing, while 
the other bird was necropsied, because it was not gaining 
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weight like the others in its flock. The birds necropsied 
on the 12th and 20th of June were also incapable of gain-
ing weight like the others in their flocks and were thus 
considered “throw-aways”. These birds were also from 
separate flocks. Two layers were necropsied on the 27th 
of June due to one layer being attacked by the owner’s 
dog and the other having an injured leg. Age of the layers 
could not officially be determined, but it was believed by 
Jones they were about two years old. Two broilers, both 
from the same flock, were necropsied on the 19th of July 
as a result of them being deemed throw-away birds. As 
instructed by F.D. Clark, each necropsy was performed 
with the same, methodical approach as a means to de-
velop consistencies between the birds.
Results and Discussion
There was no separation of flocks from one another, 
other than a layer of chicken wire. From the time they 
entered and left the farm, each flock was in direct contact 
with 2 other flocks within Jones’ operation. When rear-
ing multiple flocks, they should be completely separated, 
from ceiling to floor, by the chicken wire, and should 
never share the same pen. Because each flock carries its 
own set of flora and potential-disease-causing pathogens, 
it is very important that they do not interact with other 
groups of birds (Swayne, 2019). Additionally, it could not 
be determined if the birds were being vaccinated prior 
to being sold to Jones. One flock, however, had injection 
marks for vaccines on their necks (Fig. 1) and were, on 
average, smaller than the birds that did not show signs of 
vaccination. It is believed that the birds showing no signs 
of vaccination were consistently larger because they were 
being shipped on day-of-hatch and were reaching farms 
immediately, allowing them to consume food and water. 
Alternatively, the birds being vaccinated were kept at the 
hatchery for a couple of days without adequate levels of 
food and water, thus decreasing their growth rate in the 
first couple of days and for the rest of the production pe-
riod (F.D. Clark, pers. comm., 2018). 
Fig. 1. Injection marks on the neck of a recently delivered chick.
Table 1. Average minimum and maximum temperatures recorded (in degrees celsius) 
for the four loggers placed throughout Derek Jones’ farm. 
 Logger 1- large nest box 
Logger 2- Central 
Broiler Pen 
Logger 3- Eastern-
Most Broiler Pen 
Logger 4- Western-
most Broiler Pen 
Average minimum 
temperature (	°C) 28.0 28.4 30.2 27.9 
Average maximum 
temperature (	°C) 35.8 32.6 34.8 32.6 
 1 
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Throughout the study, it was observed that each Plas-
son Breeding Drinker contained a thick layer of mahog-
any shavings/litter (Fig. 2) where the birds would other-
wise be able to access the water. The birds 0-1 week of 
age would reach up for the water, while those birds that 
were older than 3 weeks would have to bend their neck 
down to do so. Raising the waterers to a specific level 
(based on the flock’s overall age) prevents the birds from 
kicking chicken litter into them. Chicken litter/feces can 
be covered in infectious pathogens and/or parasites and 
would, therefore, act as a very effective source for disease 
transmission. The constant maintenance and up-keep of 
water is crucial to the survival and successful production 
of broilers, as dehydration could otherwise result in such 
a hot and humid climate. 
Typically, all of the feeders were checked (and possi-
bly filled) around 9:00 AM each day and would not be 
checked/filled again until the subsequent morning. Be-
cause of this, 50% of the recorded instances showed the 
birds were without food. When the birds are constantly 
eating, they are also constantly growing. Thus, when 
Jones would leave some of his flocks without food (es-
pecially the chicks) for even a couple of hours, they were 
not growing in that period. Overall, this lowered the rate 
at which his birds were growing and the final weight they 
would reach before harvesting (F.D. Clark, pers. comm., 
2018). To ensure the birds always have feed available to 
them, the feeders should be checked every morning and 
every evening. 
The lowest average minimum temperature recorded 
by a logger was 27.9 °C, which was located in the western-
most broiler pen. Thus, on average, the birds were experi-
encing a climate of at least 8.0 °C higher than recommend-
ed (Hulzebosch, 2005). Because of this heat stress, birds 
will consume less feed, as well as experience a reduction 
in egg weight and shell quality (Bell and Weaver, 2002).
Conclusions
The results of the study indicated that the major fac-
tors affecting efficient backyard poultry operations were 
biosecurity protocol, water quality, feed quality, and tem-
perature regulation. If the backyard growers in Dangriga, 
Belize simulate the methodologies implemented in the 
United States and in other leading countries for poultry 
production, they should see an increase in productiv-
ity of their operation. By reaching an optimal range for 
poultry productivity, it is possible for these operations 
to provide a sufficient level of income and nutrition re-
quired to sustain a household. 
Fig. 2. Plasson Breeding Drinker filled with bedding in broiler nursery pen.
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Research at a Glance
• The objective of this study was to measure 
the effect of fish oil supplements on brown fat 
development.
• Stem cell culture was used as a model for 
this study.
• As a prenatal supplement, fish oil ingredients have 
a positive influence on fetal growth.
• The cell culture study indicated that fish oil 
inhibits muscle formation and promotes fat 
growth through genetic regulation.
Darynne at her thesis defense.
The effects of eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) on brown adipogenesis in stem cell culture
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The effects of eicosapentaenoic 
acid (EPA) and docosahexaenoic 
acid (DHA) on brown adipogenesis 
in stem cell culture
Darynne Dahlem* and Yan Huang†
Abstract
Polyunsaturated fatty acids (PUFAs), especially eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA), are major maternal dietary supplements due to their positive benefits on neu-
rological tissue growth during the first 12 weeks of gestation. Previous studies show that EPA and 
DHA inhibit muscle formation but promote fat growth (adipogenesis). However, no research has 
addressed the question of whether a high intake of EPA and DHA affects brown fat development dur-
ing gestation. The objective of this study was to measure the effect of EPA and DHA supplementa-
tion on brown adipogenesis and potential pathways related to mitochondrial biosynthesis using 
fibroblasts as an in vitro model. Using Oil-Red-O staining and polymerase chain reaction (PCR) 
testing, lipid droplet formation and six genes were examined. Results indicated that PGC1α gene 
expression was affected by EPA and DHA treatment. Mitochondrial biosynthesis can potentially 
be promoted by increased PGC1α gene expression with EPA and DHA supplementation. How-
ever, lipid droplet accumulation observed in the PUFAS-treated group indicated a previously un-
known effect of n-3 PUFA supplementation on adipogenesis that needs to be further investigated.
*  Darynne Dahlem is a senior animal science majoring in Pre-professional Animal Science in the Department of Animal Science.
†  Yan Huang, the faculty mentor, is an assistant professor in the Department of Animal Science.
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Introduction
In the United States, rates of childhood and adoles-
cent obesity have been on the rise for years and have 
nearly tripled since the 1970s. The Centers for Disease 
Control and Prevention (CDC) reports data taken from 
2015–2016 show that nearly 1 in 5 school-age children 
and young people (6 to 19 years) in the United States are 
obese. There is increasing evidence that infants exposed 
to obesity-induced diabetes in utero have an increased 
incidence of childhood obesity and diabetes (Feig and 
Moses, 2011). Understanding the mechanism of the re-
lationship between maternal and infant obesity is an ur-
gent task in the study of childhood obesity. 
Epidemiological and experimental studies show that 
food supplements, such as fatty acids, supplied to the fetus 
during pregnancy and to the newborn immediately after 
birth, can have long-term health effects on the develop-
ment of metabolic diseases. These diseases include car-
diovascular diseases, Type 2 diabetes, hypertension, and 
obesity. (Kabaran and Besler, 2015). Growing bodies of 
experimental studies indicate that reducing the risk of 
a variety of obesity-related diseases is strongly linked 
to an increase in the dietary supplementation and con-
sumption of n-3 fatty acids (Seo et al., 2005). While a 
substantial number of studies have delineated many dif-
ferences between the biological effects of saturated ver-
sus polyunsaturated fatty acids (PUFAs), less is known 
about the long-chain n-3 fatty acids commonly present 
in certain fish oils (Seo et al., 2005), such as eicosapen-
taenoic acid (EPA, 20:5,n-3) and docosahexaenoic acid 
(DHA, 22:6,n−3). Fish oil components, particularly two 
key biological regulators, EPA and DHA, appear to have 
the ability to modulate both cellular metabolic functions 
and gene expression. The synthesis of EPA and DHA 
from their 18:3 precursor α-linoleic acid is relatively in-
efficient, so meeting the body’s need of n-3 fatty acids 
depends to a significant degree on the direct delivery of 
EPA and DHA with diet particularly from marine or in-
dustrial sources, such as fish oils. (Qi et al., 2002). Clinical 
research also showed that EPA and DHA supplemented 
during pregnancy accumulates in fetal tissues and cause 
a longer gestation.
Our previous studies showed that EPA and DHA inhibit 
muscle formation but promote fat growth, also called adi- 
pogenesis. However, no research has addressed the ques-
tion of whether a high intake of EPA and DHA affects brown 
fat development during gestation. Brown adipose tissue 
(BAT) is an essential target in obesity prevention as well as 
treatment due to its ability to utilize fatty acids and glucose 
to generate heat by a mechanism not requiring muscle con-
traction, also called non-shivering thermogenesis. Most 
brown adipocytes originate from precursor cells in the 
embryonic stage that express skeletal muscle marker genes 
and have similar mitochondrial features with muscle (Seo 
et al., 2005; Ong and Muhlhausler, 2011). In most eu-
karyotes, mitochondria are primary organelles that are 
responsible for energy metabolism derived from the break-
down of carbohydrates and fatty acids. It was reported that 
the n-3 PUFAs could cause higher oxidation levels of mi-
tochondrial fatty acids in the myocardium (Flachs et al., 
2005; Martins et al., 2012; Anderson, et al., 2014; Cava-
liere et al., 2016). We hypothesize that EPA and DHA 
treatment impacts the brown adipogenesis of BAT pre-
cursor cells via metabolic changes in mitochondria. The 
objective of the current study is to measure the effect of 
maternal EPA and DHA supplementation on brown adi- 
pogenesis and potential pathways related to mitochon- 
drial biosynthesis using fibroblasts as an in vitro model.
Materials and Methods
Cell Culture 
National Institutes of Health (NIH) 3T3 fibroblasts 
were cultured in Dulbecco's modified Eagle's medium 
(DMEM) with 10% fetal bovine serum (FBS) and 1% 
penicillin-streptomycin at 37 °C in a 5% CO2 atmo-
sphere. When cells confluency reached 90%, cells in the 
control group wells (Con, n = 6) were induced to brown 
adipocyte differentiation by switching to the differentia-
tion medium 1 (DM1) containing 10% FBS, 1% penicil-
lin-streptomycin, 170 nM insulin, 1 uM dexamethasone, 
0.5 mM 3-isobutyl-1-methylxanthine (IBMX), and 1 
nM 3, 3',5-triiodo-L-thyronine sodium salt (T3), while 
50 μM EPA and 50 μM DHA were added to DM1 in the 
fatty acid treatment group (FA, n = 6) for 3 days. Then 
Con cells were introduced to DM2 which only contained 
10% FBS, 170 nM insulin, and 1nM T3. The DM2 in the 
FA group contained 50 μM EPA and 50 μM DHA. The 
DM2 with or without fatty acids was changed every 24 
hours for 3 days. 
Oil-Red-O Staining 
Oil-Red-O staining was used to identify mature adi-
pocytes. Cells were fixed in 10% formalin in phosphate- 
buffered saline (PBS) for 10 min at room temperature. 
Fixed cells were stained with the Oil-Red-O working 
solution for 7 min and rinsed with PBS to remove the 
excessive Oil-Red-O dye. The presence of Oil-Red-O dye 
in adipocytes was further quantified by measuring the 
optical absorbance at 520 nm.
Real-Time Polymerase Chain Reaction (PCR) 
Gene expression related to brown adipogenesis, mito-
chondrial biosynthesis, and peroxisome biosynthesis was 
measured by quantitative real-time PCR. Total mRNA 
was extracted from cells with the TRIzol reagent (Fisher, 
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Pittsburgh, Pa.). The concentration of total RNA was as-
sessed by Nanodrop OneC (Thermo Scientific, Waltham, 
Mass.), and quality was examined in the absorption ratio 
of OD260 nm/OD280 nm. The cDNA was synthesized 
from the RNA with iScript cDNA synthesis kit (Bio-Rad, 
Richmond, Calif.). Real-time PCR was carried out by us-
ing SYBR Green Supermix (Bio-Rad, Richmond, Calif.) 
on CFX Connect Real-Time PCR Detection System (Bio-
Rad, Richmond, Calif.). The oligonucleotide primers 
used were designed with the NCBI database and Primer 
Quest (IDT.com). The primers (Table 1) were designed 
to target the genes: uncoupling protein 1 (UCP1), PR/
SET domain 16 (PRDM16), iodothyronine deiodinase 2 
(DIO2), peroxisome proliferator-activated receptor alpha 
(PPARα), carnitine palmitoyltransferase 1beta (CPT1β), 
and peroxisome proliferator-activated receptor gamma 
coactivator 1-alpha (PGC1α). Each reaction yielded am-
plicons from 80 to 250 bp. The PCR conditions were as 
follows: 30 s at 95 °C, 30 s at 55 °C, and 40 s at 72 °C 
for 40 cycles. After amplification, a melting curve (0.01 
°C/s) was used to confirm product purity, and the PCR 
products were electrophoresed to verify the targeted siz-
es. Results were expressed relative to β-actin. Data were 
analyzed using the ΔΔCT method, and the 18S gene was 
the reference gene.
Statistical Analyses
Differences between groups were assessed for signifi-
cance by the unpaired t-test with the assumption of equal 
variances, and arithmetic means ± SEM are reported. 
Statistical significance was considered as P ≤ 0.05.
Results and Discussion
The Oil-Red-O staining showed lipid droplet accu-
mulation in pre-adipocytes differentiated from 3T3 fi-
broblasts (Fig. 1A). The quantitative data showed that the 
red dye accumulated 20.04 ± 6.95% more (P < 0.05) in 
the FA group than in Con cells (Fig. 1B). 
Table 1. List of primers. 
Primers Accession no. Forward sequence Reverse sequence 
UCP1 NM_009463 CACGGGGACCTACAATGCTT ACAGTAAATGGCAGGGGACG 
PRDM16 NM_027504 AAGGAGGCCGACTTTGGATG TTTGATGCAGCTCTCCTGGG 
PPARα NM_011144 TGGTGTTCGCAGCTGTTTTG AGATACGCCCAAATGCACCA 
CPT1β NM_009948 TATAACAGGTGGTTTGACA CAGAGGTGCCCAATGATG   
PGC1α NM_008904 TCCTCTGACCCCAGAGTCAC   CTTGGTTGGCTTTATGAGGAGG   
18S NR_003278 GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG 
 
Fig. 1. Lipid droplets. A) Representative images of Oil-
Red-O staining of 3T3 fibroblasts after brown adipogenic 
differentiation. B) Quantitative assessment of Oil-Red-O 
staining in FA and CON. * P < 0.05; n = 6. Data were 
normalized by the total number of cells counted using a 
hemocytometer in each group.
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Among the brown and white adipogenic marker genes, 
the expression of PGC1α was greater 31.81 ± 5.17% (P 
< 0.05; Fig 2) in the FA group than in Con cells. Other 
gene expression including UCP1, PRDM16, PPARα, and 
CPT1β was not different. 
Long chain fatty acids are known to activate brown adi- 
pocytes (Gonzalez-Hurtado et al., 2018). In this study, 
the expressions of six genes were measured: UCP1, PRD- 
M16, DIO2, PPARα, CPT1β, and PGC1α. The UCP1 is 
known as uncoupling protein 1 and it works to separate 
oxidative phosphorylation from adenosine triphosphate 
(ATP) synthesis with energy dissipated as heat, it is also 
referred to as the mitochondrial proton leak and helps to 
reduce mitochondrial membrane potential in mammali-
an cells (Brondani et al., 2012). The PRDM16 is a protein- 
coding gene that has broad expressions in the stomach 
and thyroid among other tissues (Seale et al., 2008). Per-
oxisome proliferator-activated receptor alpha (PPARα) 
increases the size and number of peroxisomes, which are 
subcellular organelles found in plant and animal cells that 
contain enzymes for respiration and for cholesterol and 
lipid metabolism (Choi et al., 2015). Carnitine palmito-
yltransferase1β (CPT1β) is a protein-coding gene that en-
codes a protein that is the rate-controlling enzyme of the 
long-chain fatty acid beta-oxidation pathway in muscle 
mitochondria (Choi et al., 2015). The protein coded by 
PGC1 α is a transcriptional cofactor that regulates genes 
involved in energy metabolism (Austin and St-Pierre, 
2012). Of these six genes, only one was affected by EPA 
and DHA supplementation. Peroxisome proliferator-ac-
tivated receptor gamma coactivator 1-alpha (PGC1α) is a 
transcription cofactor that functions as a master regula-
tor for many metabolic and physiological processes such 
as adaptive thermogenesis, glucose and fatty acid metab-
olism, muscle fiber type, and mitochondrial biogenesis 
(Flachs et al., 2005; Austin and St-Pierre, 2012). Overex-
pression of this transcription coactivator could improve 
mitochondrial function. It also could increase oxidative 
stress resistance. This upregulation could be an indicator 
that these long-chain fatty acids can increase the speed of 
the metabolic pathways when introduced to fibroblasts. 
However, it has also been recognized in recent stud-
ies that 3T3 cells are insensitive to both fatty acid and 
beta-adrenergic agonist stimulation. The 3T3 cells are 
the most commonly used because they have a high affin-
ity for harboring lipids into the cytoplasm when stimu-
lated. The understanding that they are insensitive to the 
treatment of long-chain fatty acids helps to explain the 
lack of statistical differences between the control group 
and the treatment group (Shin and Ajuwon, 2018). The 
results collected are a helpful piece in the equation that 
is prenatal nutrition. A limitation of this study is that 
only PCR and staining results could be presented. The 
results could be fortified by further testing the cell line 
for oxygen consumption rates, conducting Western Blot 
tests, and additional PCR analysis of genes involved with 
thermogenesis, mitochondrial biosynthesis, and protein 
synthesis. Another limitation was the sample size that 
survived until final testing.
Conclusions
Results indicate that mitochondrial synthesis has the 
ability to be induced through the introduction of certain 
Fig. 2. Gene expression analysis by RT-qPCR of key genes related to adipogenesis, mitochondrial biosynthesis, 
and metabolism. Data are expressed as mean + SEM. The relative expressions were calculated 
in arbitrary units. * P < 0.05; n = 6.
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long-chain fatty acids. This would usually be paired with 
smaller lipid droplets since higher mitochondrial counts 
allow for more rapid lipid degradation. However, the re-
sults of this study show greater lipid concentrations in the 
cells while also having greater mitochondrial counts. For 
this reason, additional studies are needed to understand 
the reason behind this discrepancy and to eventually re-
alize the effect of EPA and DHA on adipogenesis in rela-
tion to thermogenesis and increase of obesity post-partum 
when introduced to fibroblasts in-vitro. The researchers 
suggest the use of a sturdier cell line that is easily stimu-
lated by fatty acid treatment and to run more diagnostic 
testing focusing on mitochondrial biosynthesis.
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Research at a Glance
• This study evaluated the stability of six 
blueberry products (gummy, graham bar, 
oatmeal bar, rice krispy bar, ice pop, and 
juice) prepared with freeze-dried wild 
blueberry powder.
• Food products were analyzed before and after 
processing and after two, four, six, and eight 
weeks of storage.
• The ice pop was the best product for shelf 
stability of chemical compounds found in 
blueberries in the food products evaluated.
Performing anthocyanin extractions on food products in 
Dr. Howard’s lab in the Department of Food Science.
Anthocyanin stability in food products made with 
freeze-dried blueberry powder
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Anthocyanin stability in food 
products made with freeze-dried 
blueberry powder
Samantha Findley* and Luke Howard†
Abstract
This study evaluated the stability of anthocyanins in six blueberry products (gummy, graham bar, 
oatmeal bar, rice krispy bar, ice pop, and juice) prepared with freeze-dried wild blueberry powder 
during processing and over eight weeks storage. Total anthocyanins were determined by high-per-
formance liquid chromatography (HPLC) before processing and at day 0 and 2, 4, 6, and 8 weeks of 
storage. Thermal processing of gummy and graham bar products resulted in losses of anthocyanins 
(50% and 31%, respectively). An eight-week storage time also resulted in a decrease in anthocyanins 
(7% to 51%) in products stored at ambient temperature. The ice pop, which was stored at -20 °C, 
was the best product for shelf-stability as it experienced no decline in total anthocyanins during 
processing or over the entire shelf-life study. Future research should be conducted to determine the 
differences in total anthocyanins in the products over time when they are stored under refrigera-
tion. Additionally, polymeric color should be analyzed as this indicator has the potential to further 
explain the nature of the decrease in anthocyanins observed during storage. 
* Samantha Findley is an honors program May 2019 graduate with a major in food science, and human nutrition 
 and hospitality innovation.  
† Luke Howard, the faculty mentor, is a Professor in the Department of Food Science.
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Introduction
Diet during childhood can influence bone mineral 
density and susceptibility to chronic disease later in life 
(Chen et al., 2010; Gilsanz and Wren, 2007). Population-
based studies have shown fruit and vegetable intake is 
an independent predictor of bone size in children and 
may contribute to the building of bone mass (Novotny et 
al., 2004; Tylavsky et al., 2004; Lanham, 2006). Unfortu-
nately, many children fail to consume the recommended 
amount of fruits and vegetables (Kuntz et al., 2015). The 
recent popularity of consuming fruits and vegetables in 
prepared forms is worth exploring as a means to increase 
the consumption of health-promoting compounds, like 
anthocyanins in blueberries (Kuntz et al., 2015). Addi-
tionally, anthocyanin-rich products are needed for hu-
man clinical trials that require subjects to consume large 
doses of anthocyanins each day.
Anthocyanins, a class of polyphenols, are responsible 
for the brilliant red, blue, purple and black colors of fruits 
and vegetables. The six major anthocyanins found in 
fruits and vegetables, delphinidin, cyanidin, petunidin, 
peonidin, pelargonidin, and malvidin vary according to 
the substituents (OH or OCH3) attached at positions R1 
and R3 on the B ring (Fig. 1). Anthocyanins in nature al-
most always have a sugar (glycoside) or multiple sugars 
attached at carbon three on the middle heterocyclic ring. 
The anthocyanin content of berries varies distinctly 
from one type of berry to another (Lee et al., 2015). It 
is thought that since the composition of anthocyanins 
in berries affects their bioavailability and antioxidant 
effects, different anthocyanin-containing berries may 
affect the same cells differently (Lee et al., 2015). Blue-
berries from various sources have been found to contain 
20–27 different anthocyanins (Wu and Prior, 2005). Wild 
blueberries are an especially good source of the antho-
cyanins petunidin and malvidin, delivering 87.6 mg/100 
g and 154.6 mg/100 g, respectively (Wu et al., 2006). 
The average daily intake of raw blueberries has been 
estimated to be 0.93 g, yielding 3.39 mg of anthocyanins 
(Wu et al., 2006). Intake of greater than 100 mg of antho-
cyanins per day could easily be achieved with the regular 
consumption of blueberries (Wu et al., 2006). In an in 
vitro study, malvidin-3-glucoside, one of the major mono- 
glucosides in wild blueberries, was found to be significant- 
ly more effective at inhibiting pro-inflammatory genes than 
epicatechin or chlorogenic acid (Esposito et al., 2014).
Degradation and loss of anthocyanins during process-
ing is of great concern when developing processed blue-
berry products. Conditions during thermal processing 
must be considered to ensure the biological activity of 
anthocyanins is retained in a thermally processed prod-
uct (Rodriguez-Mateos et al., 2014). Thermal processing 
has been found to result in total monomeric anthocyanin 
losses of 28% to 59% in canned, pureed, and juiced blue-
berry products (Brownmiller et al., 2008). 
The objective of this study was to evaluate the stabil-
ity of anthocyanins in six blueberry products (gummy, 
Fig. 1. The skeletal structure of an acylated anthocyanin.
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graham bar, oatmeal bar, rice krispy bar, ice pop, and 
juice) prepared with freeze-dried wild blueberry powder 
during processing and over eight weeks storage. 
Materials and Methods
The freeze-dried powder used in the products and as a 
comparison was HiActives® North American wild blue-
berry powder 1.5% (FutureCeuticals, Momence, Illinois). 
Prepared blueberry products were previously formulated, 
produced, and packaged by others in the lab before the 
start of the shelf-life study. A 5-g sample for anthocyanin 
analysis was taken from each of three packages of each 
product (gummy, graham bar, oatmeal bar, rice krispy bar, 
ice pop, and juice) at each timepoint during the shelf-life 
study. Timepoints were: day 0 (immediately after pro-
cessing) and after 2, 4, 6, and 8 weeks of storage at 21 °C 
(except for the ice pop which was frozen and stored at 
-20 °C).
Anthocyanin Extraction and Sample Preparation
Samples of each food product, gummy, graham bar, 
oatmeal bar, and rice krispy bar, excluding the ice pop and 
juice, were first homogenized with methanol/water/formic 
(60:37:3, v/v/v) acid solvent using a Euro Turrax T18 Tis-
suemizer (Tekmar-Dohrman Corp., Mason, Ohio; Brown- 
miller et al., 2008). Homogenized samples were filtered 
through Miracloth (Calbiochem, La Jolla, Calif.) and the 
filtrates were adjusted to a volume of 150 mL in a volu-
metric flask (Brownmiller et al., 2008). The 150-mL fil-
trate solutions were poured into beakers to ensure ad-
equate mixing of the filtrates and transferred from the 
beakers into labeled 50-mL test tubes. From the 50-mL 
test tubes, 5 mL was pipetted into separate labeled 50-mL 
test tubes. The test tubes containing 5 mL of filtrate solu-
tion were dried overnight in a Speed Vac® concentrator 
(ThermoSavant, Holbrook, New York) and reconstituted 
with 1 mL of aqueous formic acid solution (Cho et al., 2004).
Ice pop and juice samples did not require the same 
extraction method. Both pasteurized and unpasteurized 
juice samples were evaluated to measure the anthocyanin 
losses during thermal processing of the juice. The ice 
pop and juice samples were diluted (200 μL ice pop or 
juice + 800 μL 5% formic acid) in glass test tubes prior 
to high-performance liquid chromatography (HPLC) 
analysis. The reconstituted extracted solutions from the 
products and the diluted juice and ice pop samples were 
each passed through 25-mm syringe filters with 0.45 μm 
nylon membranes (VWR International™, Radnor, Penn-
sylvania) before analysis by HPLC.
High-Performance Liquid Chromatography
Chromatographic analysis was performed using an 
established HPLC method to measure the content of in-
dividual anthocyanin monoglycosides (Brownmiller et 
al., 2008). Anthocyanin analysis by HPLC was performed 
according to the method of Cho and coworkers with a 
50-μL injection volume of samples using a Waters HPLC 
system (Waters Corp, Milford, Massachusetts) fitted with 
a model 600 pump, 717 Plus autosampler, and a model 
996 photodiode array detector (Cho et al., 2004). For 
separation, a 4.6 mm × 250 mm Symmetry® C18 column 
(Waters Corp, Milford, Massachusetts) and a 3.9 mm × 
20 mm Symmetry® C18 column (Waters Corp, Milford, 
Massachusetts) were utilized (Cho et al., 2004). A linear 
gradient of 5% formic acid and methanol was used for the 
mobile phase (Cho et al., 2004). Detection wavelength 
used for the anthocyanins was 510 nm (Cho et al., 2004). 
Identification of the anthocyanins in the freeze-dried 
blueberry powder was previously performed by HPLC-
MS. Individual anthocyanin glycosides were quantified 
as delphinidin, cyanidin, petunidin, peonidin, and mal-
vidin glucoside equivalents using external calibration 
curves of a mixture of the five anthocyanin glucosides. 
The concentrations of individual anthocyanins were 
summed and reported as total anthocyanins. Results are 
expressed as total milligrams anthocyanins per gram of 
blueberry powder in each product.
Statistical Analysis
Statistical analysis was performed using JMP® soft-
ware (SAS Institute, Inc., Cary, North Carolina). One-
way analysis of variance with mean comparison by stu-
dent’s t-test was used to determine significant differences 
(P < 0.05) in average total milligrams anthocyanins per 
gram of blueberry powder in each product during the 
eight-week shelf-life study to measure anthocyanin sta-
bility over time. Significant differences (P < 0.05) in aver-
age total milligrams anthocyanins per gram of blueberry 
powder in each product at day 0 were also compared to 
average total milligrams anthocyanins per gram of blue-
berry powder to evaluate the stability of anthocyanins 
during processing of the products using a student’s t-test.
Results and Discussion
Effects of Processing
Compared to the unprocessed blueberry powder, 
there was no difference (P > 0.05) in the average mil-
ligrams anthocyanins per gram of blueberry powder 
in any of the prepared products at day 0 (after process-
ing), except for the graham bar and the gummy (Table 
1). There was also no decrease for the juice (P > 0.05) in 
total anthocyanins during pasteurization (Table 1). The 
graham bar contained 31% fewer anthocyanins after pro-
cessing and the gummy contained 50% fewer anthocya-
nins after processing (Table 1).
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Shelf-life Study
For the gummy, there was a relatively linear decrease 
in total anthocyanins during the shelf-life study. Between 
day 0 and week 8, a 51% decrease in anthocyanins was 
measured (Fig. 2). The total anthocyanins in the graham 
bar remained relatively stable from day 0 to week 8 (Fig. 
3). There was no decline in anthocyanins until week 6 and 
a 7% decrease in anthocyanins was measured between 
day 0 and week 8 (Fig. 3). Total anthocyanins in the rice 
krispy bar at day 0 and week 6 and 8 were different (P < 
0.05) (Fig. 4). From day 0 to week 8 there was a 34% de-
crease in total anthocyanins (Fig. 4). Total anthocyanins 
in the oatmeal bar decreased gradually over the course 
of the shelf-life study (Fig. 5). From day 0 to week 8, a 
28% decrease in total anthocyanins was observed (Fig. 
5). No decrease (P > 0.05) in anthocyanins in the juice 
was measured until week 6 of the shelf-life study (Fig. 6). 
Between day 0 and week 8, the pasteurized juice experi-
enced a 47% decrease in total anthocyanins (Fig. 6). The 
anthocyanins in the ice pop were stable with no change 
(P > 0.05) observed between day 0 and week 8 (Fig. 7).
The anthocyanin contents of the prepared food prod-
ucts were compared to that of the freeze-dried blueber-
ry powder used to prepare the products. Because there 
was no difference (P > 0.05) in the average milligrams 
anthocyanins per gram of blueberry powder in any of 
the products except for the graham bar and the gummy 
when compared to the unprocessed blueberry powder, it 
appeared the methods used to produce the oatmeal bar, 
rice krispy bar, ice pop, and juice (both pasteurized and 
unpasteurized) do not cause significant losses of antho-
cyanins (Table 1). 
Table 1. Total anthocyanin content of prepared blueberry products. 
Product 
Average mg anthocyanins per g 
blueberry powder in product 
Decrease in total 
anthocyanins measured (%) 
Powdera   19.55 ± 1.6b Reference 
Gummy      9.7 ± 0.7 50% 
Graham bar    13.5 ± 0.7 31% 
Rice krispy bar    16.9 ± 1.7 NSc 
Oatmeal bar    19.2 ± 0.6 NS 
Juice, NPd 21.81 ± 0.4 NS 
Juice, Pe 21.44 ± 1.3 NS 
Ice pop    22.6 ± 0.3 NS 
a Blueberry powder used to prepare blueberry products. 
b Values represent means (n = 3) ± SEMs. 
c NS = no significant difference (P > 0.05). 
d NP = not pasteurized. 
e P = pasteurized. 
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Fig. 2.  Average total anthocyanins in gummy during an eight-week shelf-life study.
 Values are mean total anthocyanins in mg/g blueberry in product ± standard error of the mean. 
Bars with different letters are significantly different (P < 0.05)
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Fig. 3.  Average total anthocyanins in graham bar during an eight-week shelf-life study. 
Values are mean total anthocyanins in mg/g blueberry in product ± standard error of the mean. 
Bars with different letters are significantly different (P < 0.05). The total anthocyanins in the graham bar remained 
relatively stable from day 0 to week 8. There was no significant decline in anthocyanins until week 6 and a 7% 
decrease in anthocyanins was measured between day 0 and week 8.
Fig. 4. Average total anthocyanins in rice krispy bar during an eight-week shelf-life study. 
Values are mean total anthocyanins in mg/g blueberry in product ± standard error of the mean. 
Bars with different letters are significantly different (P < 0.05).
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Fig. 5. Average total anthocyanins in oatmeal bar during an eight-week shelf-life study. 
Values are mean total anthocyanins in mg/g blueberry in product ± standard error of the mean. 
Bars with different letters are significantly different (P < 0.05).
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Fig. 6. Average total anthocyanins in juice during an eight-week shelf-life study. Juice from day 0 to week 8 was 
pasteurized. Values are mean total anthocyanins in mg/g blueberry in product ± standard error of the mean. 
Bars with different letters are significantly different (P < 0.05).
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The gummy was notably the least stable of all the 
products analyzed, experiencing a 50% decrease in total 
anthocyanins during processing (Table 1) and then an-
other 51% decrease by week 8 of the shelf-life study (Fig. 
2). With the gummy only appearing to contain approxi-
mately 25% of the anthocyanins present in the blueberry 
powder used to formulate it, it does not seem to be as vi-
able of an option for consistent delivery of anthocyanins 
compared to the other products. Additional research is 
needed to determine why the anthocyanins were unsta-
ble during gummy processing and storage. 
The graham bar also experienced a 31% decrease in 
total anthocyanins during processing (Table 1). Unlike 
the gummy, the graham bar remained relatively stable 
over time with no decrease until week 6 and only a 7% 
decrease in total anthocyanins during the entire shelf-life 
study (Fig. 3). While the rice krispy bar did not experi-
ence a decrease in anthocyanins during processing (Table 
1), it experienced a 34% decrease in anthocyanins during 
the shelf-life study (Fig. 4). The oatmeal bar also expe-
rienced a moderate 28% decrease in anthocyanins from 
day 0 to week 8 (Fig. 5).
While the thermal processing (pasteurization) of the 
juice did not decrease the total anthocyanins measured 
in the product (Table 1), the anthocyanins declined by 
47% over 8 weeks of storage (Fig. 6). The ice pop was by 
far the most stable of the products evaluated. There was 
no decline in total anthocyanins during processing (Ta-
ble 1) or the entire shelf-life study (Fig. 7). The stability 
of the anthocyanins is likely due to the fact the ice pop 
was stored frozen rather than at ambient temperature like 
the other products. Freezing presumably suppressed the 
mechanism(s) responsible for loss of anthocyanins ob-
served in products stored at 21 °C. 
While a decrease in total anthocyanins was measured 
in several of the products during processing and stor-
age, the question remains about whether the decrease 
was due to actual losses as a result of thermal degrada-
tion or conversion of anthocyanins into polymerized 
forms. Previous research found that, while some of the 
decreases in anthocyanins in blueberry products is due 
to thermal degradation during processing and storage, 
polymerization of anthocyanins with other anthocyanins 
and phenolic compounds also occurs (Brownmiller et al., 
2008). Furthermore, the ability of the blueberry products 
to scavenge peroxyl radicals (hydrophilic antioxidant ca-
pacity) was not found to decline as significantly as total 
anthocyanin content over storage (Brownmiller et al., 
2008). This suggests these blueberry products likely do 
not experience as significant of a decline in bioactivity 
as the decrease in measured total anthocyanins (Brown-
miller et al., 2008). The authors postulated that antho-
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Fig. 7. Average total anthocyanins in ice pop during an eight-week shelf-life study. 
Values are mean total anthocyanins in mg/g blueberry in product ± standard error of the mean. 
No means were significantly different (P > 0.05).
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cyanins formed polymeric structures with procyanidins 
during storage, and these polymeric compounds retained 
potent hydrophilic antioxidant capacity (Brownmiller et 
al., 2008). 
Conclusions
Thermal processing of gummy and graham bar prod-
ucts resulted in significant losses of anthocyanins (50% 
and 31%, respectively). An 8-week storage time also re-
sulted in a significant decrease in anthocyanins (7% to 
51%) in products stored at ambient temperature, except 
for the ice pop, which was stored at -20 °C. The ice pop 
was the best product for shelf-stability as it experienced 
no significant decline in total anthocyanins during ther-
mal processing or the entire shelf-life study. Future re-
search should be conducted to determine the differences 
in total anthocyanins in the products over time when 
they are stored under refrigeration. Additionally, poly-
meric color should be analyzed as this indicator has the 
potential to further explain the nature of the decreases in 
anthocyanins that were observed.
Literature Cited
Brownmiller, C., L.R. Howard, and R. Prior. 2008. Pro-
cessing and storage effects on monomeric anthocya-
nins, percent polymeric color, and antioxidant ca-
pacity of processed blueberry products. J. Food Sci., 
73(5):H72-H79. 
Chen, J., O.P. Lazarenko, X. Wu, J. Kang, M.L. Black-
burn,  K. Shankar, T.M. Badger, and M.J. Ronis. 2010. 
Dietary-induced serum phenolic acids promote bone 
growth via p38 MAPK/β-catenin canonical Wnt sig-
naling. J. Bone Miner. Res., 25(11):2399-2411.
Cho, M.J., L.R. Howard, R.L. Prior, and J.R. Clark. 2004. 
Flavonoid glycosides and antioxidant capacity of 
various blackberry, blueberry and red grape geno-
types determined by high-performance liquid chro-
matography/mass spectrometry. J. Sci. Food Agric., 
84(13):1771-1782.
Esposito, D., A. Chen, M.H. Grace, S. Komarnytsky, and 
M.A.  Lila. 2014. Inhibitory effects of wild blueberry 
anthocyanins and other flavonoids on biomarkers 
of acute and chronic inflammation in vitro. J. Agric. 
Food Chem., 62(29):7022-7028.
Gilsanz, V. and T. Wren. 2007. Assessment of bone ac-
quisition in childhood and adolescence. Pediatrics, 
(Supplement): S145–S149.
Kuntz, S., S. Rudloff, H. Asseburg, C. Borsch, B. Froh-
ling, F. Unger, S. Dold, B. Spengler, A. Rompp, and 
C. Kunz. 2015. Uptake and bioavailability of antho-
cyanins and phenolic acids from grape/blueberry 
juice and smoothie in vitro and in vivo. Br. J. Nutr., 
113(7):1044-1055. 
Lanham-New, S. 2006. Fruit and vegetables: The unex-
pected natural answer to the question of osteoporosis 
prevention? Am. J. Clin. Nutr., 83(6):1254–1255.
Lee, S. G., B. Kim, D.Y. Soung, T. Vance, J.S. Lee, J. Lee, 
S.I. Koo, D. Kim, H. Drissi, and O.K. Chun. 2015. Re-
lationship between oxidative stress and bone mass in 
obesity and effects of berry supplementation on bone 
remodeling in obese male mice: An exploratory study. 
J. Med. Food, 18(4):476. 
Novotny, R., Y.G. Daida, J. Grove, S. Acharya, T.M. Vogt, 
and D. Paperny. 2004. Adolescent dairy consumption 
and physical activity associated with bone mass. Prev. 
Med., 39:355–360.
Rodriguez-Mateos, A., R.D. Pino-Garcia, T.W. George, 
A. Vidal-Diez, C. Heiss, and J.P. Spencer. 2014. Im-
pact of processing on the bioavailability and vascular 
effects of blueberry (poly)phenols. Mol. Nutr. Food 
Res., 58(10):1952-1961. 
Tylavsky, F., K. Holliday, R. Danish, C. Womack, J. Nor-
wood, and L. Carbone. 2004. Fruit and vegetable in-
takes are an independent predictor of bone size in ear-
ly pubertal children. Am J. Clin. Nutr., 79(2):311–317.
Wu, X., G. Beecher, J. Holden, D. Haytowitz, S. Gebhardt, 
and R. Prior. 2006. Concentrations of anthocyanins 
in common foods in the United States and estima-
tion of normal consumption. J. Agric. Food Chem., 
54(11):4069-4075.
Wu, X. and R. Prior. 2005. Systematic identification and 
characterization of anthocyanins by HPLC-ESI-MS/
MS in common foods in the United States: Fruits and 
berries. J. Agric, Food Chem., 53(7):2589-2599.
42   DISCOVERY   •   Vol. 20, Fall 2019
I was raised in Greenwood, Arkansas and have spent 
most of my life surrounded by animals which led me to 
my passion for veterinary medicine. Following graduation 
from the University of Arkansas, I will begin veterinary 
school at Oklahoma State University. I have been very ac-
tive in the Bumpers Honors Student Board serving as the 
Director of Student Relations, Secretary, and Chair. I was 
also an active member of the Representing, Educating, 
and Promoting Scholars team for the Department of An-
imal Science. During my senior year, I became involved 
with Student Organization Outreach and Involvement 
Experience serving as the Director of Administration. 
My experiences at the University of Arkansas were made 
remarkable by a long list of individuals. I would specifi-
cally like to thank my thesis advisor, Dr. Ashley Dowling, 
who was always available to answer questions. My family 
(present and future) supported and encouraged me daily. 
Lastly, I want to thank my fiancé. His love, support, and 
encouragement allow me to pursue my dreams. There 
are no words to accurately describe the gratitude I have 
for all he has done for me, but I hope to show him in the 
years to come.
 
Meet the Student-Author
Amy Frank
• As tick-borne illnesses become more 
prevalent on a state and national level, 
Arkansas counties are in desperate need 
of risk assessment for Spotted Fever group 
Rickettsia. 
• A portion of the Arkansas tick population was 
sampled and 34% of ticks were determined 
to be carriers of one or more disease-causing 
rickettsial species. 
• Several counties in Arkansas face a significant 
exposure risk to Spotted Fever group 
Rickettsia, and varied sample size caused an 
incomplete picture to be formed of others.
Amy is pictured here receiving the Senior of 
Significance distinction from Chancellor Steinmetz 
(left) and Brandy Cox (right), Associate Vice 
Chancellor and Executive Director for Arkansas 
Alumni Association.
Research at a Glance
Geospatial analysis of rickettsial species in Arkansas
The Student Journal of Dale Bumpers College of Agricultural, Food and Life Sciences 43
Geospatial analysis of rickettsial 
species in Arkansas
Amy Frank* and Ashley Dowling†
Abstract
Rickettsia species are obligate intracellular, arthropod-borne bacteria with the potential to cause 
multiple diseases including Rocky Mountain spotted fever (RMSF). Fleas, mites, and ticks serve 
as vectors for Rickettsia, but ticks are the primary vector of interest. Rocky Mountain spotted fever 
and other rickettsial diseases have continued to gain importance in both human and veterinary 
medicine as RMSF is the most common tick-borne disease within the United States according to 
the Lyme and Tick-Borne Disease Research Center. A statewide citizen science project was uti-
lized to determine the prevalence of Spotted Fever Group (SFG) Rickettsia in Arkansas. This proj-
ect yielded results in 64 of Arkansas' 75 counties. Results were utilized to determine prevalence in 
each of the represented counties and then compiled into a geospatial representation of the data. 
It was determined that 34.32% of the ticks sampled were carriers of one or more rickettsial spe-
cies. As the samples were divided by county, multiple counties were shown to have a concerningly 
high exposure risk for SFG Rickettsia. There were six species of ticks represented throughout this 
study with Amblyomma americanum being the most common. There were also six species of SFG 
Rickettsia found within the samples. The small portion of ticks that underwent further analysis to 
determine the specific rickettsial species present indicated that Rickettsia amblyommatis is likely 
the most common SFG Rickettsia in Arkansas. 
* Amy Frank is a May 2019 honors program graduate with a major in Animal Science with a pre-professional concentration. 
† Ashley Dowling, the faculty mentor, is an associate professor in the Department of Entomology.  
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Introduction
Rickettsia are bacteria that live and proliferate within the 
cells of host organisms and have the potential to cause dis- 
eases in humans such as Rocky Mountain Spotted Fever 
(RMSF) (Paddock et al., 2004). Ticks operate as the pri-
mary vector of Rickettsia species allowing for the spread 
of potentially fatal diseases in humans and various animal 
species (Walker, 1996). Human patients endure nonspecific 
symptoms including fever, gastrointestinal upset, and head-
aches but more serious symptoms can progress such as se- 
vere myalgia, photophobia, and focal neurologic deficits 
(CDC, 2017a). In canines, rickettsial organisms attack vas-
cular endothelial cells resulting in severe vasculitis, fever, 
ocular lesions, neurologic dysfunction, and edema (Low 
and Holm, 2005). Affected individuals report history of a 
tick bite in only 55% to 60% of cases and estimates show 
60% to 75% of people are incorrectly diagnosed at the ini-
tial physician visit (Biggs et al., 2016; Herrman et al., 2014). 
A misdiagnosis can have severe consequences due to ad-
vanced pathological changes occurring (Raghavan et al., 
2016; Gasser, 2001; Mayo Foundation, 2018). 
Rickettsial organisms are typically divided into two 
groups, the typhus group (TG) and the spotted fever group 
(SFG), based primarily on distribution, pathogenicity, clin- 
ical presentation, immunological reactivity, DNA G +C 
mol% content and intracellular position (Fournier et al., 
1998; Scarpulla et al., 2016; Eremeeva et al., 2006). In 2010, 
the Council of State and Territorial Epidemiologists made a 
push for Rocky Mountain spotted fever (RMSF) being re-
ported under the SFG in an attempt to facilitate more com-
plete local and national reporting (Council of State and Ter-
ritorial Epidemiologists, 2009). State health departments, 
including Arkansas, have recently made a push for increas-
ing submission rates and raising awareness for tick-borne 
diseases (Raghavan et al., 2016).
Concern about vector-borne diseases in pets is evident 
by the expanding use of ectoparasite preventatives (Bow-
man et al., 2009). In 2003, more than half of pet owners 
in the United States reported using parasite preventatives 
(Bowman et al., 2009). The rickettsial species capable of af-
fecting humans and canines are found to be homologous, 
and studies (Herrman et al., 2014) have cited canines as 
potential reservoirs for tick-borne diseases (Herrman et al., 
2014; Warner and Marsh, 2002; Paddock et al., 2002; Kidd 
et al., 2006). A 40-state study found Arkansas to have the 
second-highest level of tick-infested canines with the six 
border states falling within the top ten (Raghavan et al., 
2007). The risk of exposure and contraction varies in dif-
ferent regions with North Carolina, Oklahoma, Arkansas, 
Tennessee, and Missouri contributing to over 60% of RMSF 
cases (Atkinson et al., 2012; CDC, 2017a). 
While data are readily available regarding the number of 
human cases involving Rickettsia, there is limited data dem-
onstrating the prevalence. Rickettsial species have increased 
their role in animal and human health during the last few 
decades, which makes the need for further data apparent 
(Bowman et al., 2009). A geospatial analysis showing the 
prevalence of Rickettsia in Arkansas ticks may place Spotted 
Fever Group Rickettsia (SFGR) at the forefront of physicians’ 
and veterinarians’ minds. The analysis can demonstrate the 
areas of Arkansas that are at the greatest risk for spreading 
SFGR, so individuals will also be aware of the disease and 
the risk for contraction.
Materials and Methods
Tick Collection
In order to obtain ticks from across the state, local Ar-
kansans were recruited to participate in the sampling pro-
cess through a citizen science project. Collection kits con-
taining five color-coded vials containing 95% ethanol and 
a locality recording card were distributed to all 75 Arkansas 
county extension offices and handed out by county exten-
sion agents. When residents collected the specimens, they 
were asked to record locality information or GPS coordi-
nates. After completing the kit, citizens mailed the ticks to 
the Department of Entomology at the University of Arkan-
sas or returned the tick kits to their county extension office 
for delivery to the University. Kits were also supplied to vet-
erinary and medical clinics around the state. The ticks were 
then identified and recorded into the project database. 
Molecular Methods
The DNA was extracted from individual adult tick spec- 
imens using Invitrogen™ PureLink™ Genomic DNA Mini 
Kits (Invitrogen, Carlsbad, Calif.) following the instructions 
contained therein. Nymphal ticks from the same collection 
event were pooled (up to five individuals per pool) and then 
extracted using the same Invitrogen kit. Whole ticks were ex-
tracted intact, without cutting or crushing before extraction 
as this was determined to not affect the extraction efficiency. 
The DNA extracts were screened for the presence of rickett-
sial species via traditional polymerase chain reaction (PCR). 
Fragments of the 17-kDa antigen gene were targeted using 
primers specific to the spotted fever and typhus group Rick-
ettsia (Rr17k.1p & Rr17k.539n from Ishikura et al., 2002). 
Resulting products were visualized on a 1x agarose gel and 
a subset of positive samples was purified using Invitrogen 
PureLink PCR Purification kits following instructions there-
in. Purified samples were sent to Macrogen USA  (Macrogen 
Corp., Rockville, Md.) for sequencing using the same PCR 
primers. Raw sequences were confirmed through a com-
parison of existing sequence data in the national sequence 
repository GenBank. 
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Data Analysis
Data analysis was conducted through Aeronautical Re- 
connaissance Coverage Geographic Information Systems 
(ArcGIS; Esri, Redlands, Calif.). This system allowed for 
storage, manipulation, and visualization of data with the 
purpose of displaying or analyzing information about places 
or events. The analysis was conducted in collaboration with 
the University of Arkansas Center for Advanced Spatial 
Technologies (CAST). Due to the sampling technique used 
with the project, prevalence is the best determinant of SF- 
GR distribution. It helps filter out the discrepancies caused 
by over or under-representation of regions. The positive 
result prevalence for each of the 75 counties was deter- 
mined using ArcGIS. The prevalence was then displayed 
as a geographic heat map based on obtained levels of sig- 
nificance. Geovisualization displays geospatial informa-
tion in an interactive manner which allows for conclusions 
to be made and spatial patterns to be revealed.
Results and Discussion
Over the course of the study, 4676 ticks were obtained 
from Arkansas counties and analyzed for the presence 
of rickettsial pathogens (Fig. 1). Of the analyzed speci-
mens, 1605 ticks were found to be positive (Fig. 2) with 
the remaining 3070 ticks being negative for SFGR. Re-
sults were grouped and evaluated by county with samples 
being obtained from 64 of Arkansas’s 75 counties. Preva-
lence of rickettsial species was determined using the fol-
lowing calculation:
(Fig. 3). During specimen analysis, several characteris-
tics were recorded such as the species of tick, sex, and 
life stage (Table 1).  Prevalence by tick species in regard 
to the presence of SFGR was also observed and recorded 
(Table 2). There were 233 ticks that underwent a closer 
analysis to determine the specific Rickettsia specie(s) that 
was present (Table 3). The following Rickettsia species 
were found to be present in sampled ticks: R. montanen-
sis, R. amblyommatis, R. andeanae, R. bellii, R. rickettsii, 
and R. raoultii. 
The goal of this study was to determine the largest risk 
areas within Arkansas for a person or animal to become 
exposed to Spotted Fever Group Rickettsia. This is one of 
the only existing studies conducted utilizing geospatial 
analysis techniques to determine the geographic distri-
Fig. 1. Map of Arkansas displaying where tick samples were obtained based on locations given by citizen 
participants. Symbols represent the presence or lack of Spotted Fever Group Rickettsia.
46   DISCOVERY   •   Vol. 20, Fall 2019
Fig. 2. Map of Arkansas displaying where tick samples were obtained that were found to be positive 
for the presence of Spotted Fever Group Rickettsia.
Fig. 3. Map of Arkansas displaying where tick samples were obtained that were found to be positive 
for the presence of Spotted Fever Group Rickettsia.
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bution for SFGR in Arkansas, and therefore the areas that 
pose the greatest threat to human and animal health in 
the state. Samples were grouped based on which county 
in Arkansas they originated. This is because health de-
partments tend to divide disease risk based on county. 
When utilizing geospatial analysis, it is important to 
be aware of the modifiable areal unit problem (MAUP). 
This problem is a statistical biasing effect that occurs 
when samples are used to represent information for an 
area (Altaweel, 2018). The area is based on arbitrary 
boundaries, and therefore the analysis is inconsistent 
with real-world data. This is a common issue with health 
spatial statistics since statistics are typically reflecting 
spatial factors specific for that disease or the needs of the 
study (Altaweel, 2018). In this study, the prevalence of 
SFGR was applied to a map to demonstrate the risk of 
disease. The prevalence was grouped by county meaning 
that this study does technically fall under the criteria of 
the MAUP problem. To counteract the effect, more eval-
uation would need to be done using multiple random pa-
rameter settings. That would be irrelevant for this study, 
as the goal is to make the information accessible and us-
able to local health departments. 
When looking at the display of SFGR prevalence in 
Arkansas (Fig. 3), it is evident that there are regions of 
Arkansas that face a greater risk than others. This study 
determined that 34.32% of the ticks sampled were car-
riers of SFGR. In order to determine the areas with the 
greatest associated risk, prevalence was utilized. This is to 
accommodate for the vast differences in sample size. The 
range in sample size was 0 to 1119 ticks. 
Part of the testing process for the specimens was to de-
termine species, sex, and life stage. The species of the tick 
is of interest because it is important to know which spe-
cies make up the tick population of Arkansas. It is also es-
sential to know which tick species are acting as reservoirs 
for SFGR. Amblyomma americanum was found to be the 
most common species making up 71% (3338 individuals) 
of the total ticks collected throughout this experiment. 
When A. americanum was tested for the presence of SFG 
Rickettsia, 1414 ticks demonstrated positive results. This 
translates to 42% of the A. americanum ticks tested be-
ing found to contain Rickettsia. Each of the six tick spe-
cies found throughout this study is considered capable of 
transmitting rickettsial species (Lee et al., 2018; Levin et 
al., 2017). Ixodes scapularis was found to have the highest 
 1 
Table 1. Species of ticks with associated common names and prevalence. 
Tick species Common name No. ticks screened Percentage of totala 
A. americanum Lone Star Tick 3338 71.39% 
A. maculatum Gulf Coast Tick 151 3.23% 
D. variabilis American Dog Tick 943 20.17% 
D. albipictus Winter Tick 1 0.02% 
I. scapularis Blacklegged Tick 59 1.26% 
R. sanguineus Brown Dog Tick 184 3.93% 
Total  4676  
a Determined with the following calculation: !".		%&'()	*'+,,-,.
/010
	𝑥𝑥	100. 
Table 2. Species of ticks with associated common names and prevalence of 
Spotted Fever Group Rickettsia (SFGR). 
Tick species Common name 
No. ticks positive for 
SFGR 
Percentage positive for 
SFGRa 
A. americanum Lone Star Tick 1414 42.36% 
A. maculatum Gulf Coast Tick 54 35.76% 
D. variabilis American Dog Tick 96 10.18% 
D. albipictus Winter Tick 0 0.00% 
I. scapularis Blacklegged Tick 41 69.49% 
R. sanguineus Brown Dog Tick 0 0.00% 
Totals  1605 34.32% 
a Determined with the following calculation: !".		%&'()	*")&+&,-	."/	0123
!".%&'()	0'/--4-5
	𝑥𝑥	100. 
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percentage of ticks positive for SFGR. While I. scapularis 
was found to be less than 2% of the tick population, 69% 
were found to carry SFG Rickettsia species. 
A small portion of the ticks sampled was randomly 
selected to undergo further analysis to determine the 
actual member of the SFG Rickettsia that was present. 
There were six Rickettsia species found to be present in 
Arkansas ticks. Interestingly, R. raoultii was found in 12 
ticks, but only in the presence of R. montanensis. This is 
not considered uncommon as R. raoultii has been found 
to have near relationships with other members of SFGR 
(Li et al., 2018). Of the rickettsial pathogens found in 
samples, R. montanensis and R. bellii are considered of 
less significance as their capability to transmit disease has 
yet to be proven, but research has begun to suggest that 
R. bellii could eventually be found to be disease causing 
(Mullen and Durden, 2009; Parola et al., 2014). R. am-
blyommatis, R. andeanae, R. rickettsia, and R. raoultii are 
known to be disease-causing members of the SFGR (Ap-
person et al., 2008; Delgado-de la Mora et al., 2019; Mul-
len and Durden, 2009). This is concerning information 
since the most common pathogen, R. amblyommatis, was 
found in the most common tick, A. americanum.
In order to obtain a better understanding of SFGR in 
Arkansas, sample sizes would need to be increased for 
each of the counties in Arkansas. The counties that did 
not respond to the study or responded in low numbers 
should be specifically targeted. While the prevalence var-
ied drastically from county to county, the potential to be 
exposed to SFG Rickettsia species was abundantly clear. 
Other information that could be utilized in this study is 
the proportion of male to female ticks in the population 
as well as the proportion of the various life stages. This 
information could be useful in investigating the implica-
tion that rickettsial species have on their host. Some spe-
cies of the SFG Rickettsia are known to have lethal effects 
on their tick hosts (Niebylski et al., 1999). Furthermore, 
time of year the specimen is obtained could be relevant 
information regarding when humans and animals are at 
most risk for being exposed to ticks.
Conclusions
Understanding the distribution of SFGR in Arkansas 
is essential to the veterinary and human health fields. 
This study showed evident regions of Arkansas that pres-
ent a greater SFGR exposure risk than others. The Ar-
kansas tick population that was sampled displayed that 
34.32% of ticks are carriers of one or more rickettsial spe-
cies. The aggressive human-biting tick, A. americanum, 
was the most prevalent species in the sampled population 
and displayed a SFGR prevalence of 42%. Concerningly 
I. scapularis was found to be a small portion of the popu-
lation but showed a remarkably high SFGR prevalence. 
All tick species obtained throughout this project are con-
firmed vectors of SFGR which demonstrates why Arkan-
sas has repeatedly been found to have one of the highest 
incidences of SFGR.
Table 3. Species of Spotted Fever Group Rickettsia (SFGR) found in ticks sampleda. 
Tick species 
Known disease-causing SFGR 
R. amblyommatis R. andeanae R. rickettsii R. raoultiib 
A. americanum 206 0 0 0 
A. maculatum 0 0 1 0 
D. variabilis 0 1 0 12 
D. albipictus 0 0 0 0 
I. scapularis 0 0 0 0 
R. sanguineus 0 0 0 0 
 Not known disease-causing SFGR  
R. bellii R. montanensis 
A. americanum 0 0 
A. maculatum 0 0 
D. variabilis 1 19 
D. albipictus 0 0 
I. scapularis 0 0 
R. sanguineus 0 0 
a There were a total of 233 ticks that underwent further analysis to determine which member(s) 
  of the SFGR was present with some ticks representing more than one SFGR member. 
b This species was only found in the presence of R. montanensis. 
Note: The ability to cause disease was based on information found in “Update on tick-borne 
rickettsioses around the world: A geographic approach” by Parola et al., 2014. American Society 
for Microbiology. 
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The diversity of terrestrial mammals surrounding a waterfall 
at Billy Barquedier National Park
This article was written in memory of Dr. Kimberly Gray 
Smith: He served as an influential advisor and committee 
member for me and passed away on April 9, 2018.
I am from Bixby, Oklahoma and a 2019 graduate of the 
Pre-Professional Animal Science program. I was a mem-
ber in the Pre-Vet Club, Alpha Delta Pi sorority and held 
two leadership positions in the Wildlife Society at the Uni- 
versity of Arkansas. Instilled with a passion to travel, I 
studied abroad twice. My first trip involved research with 
chick dehydration on the New Horizons poultry farm in 
Mozambique, Africa. That opportunity lead me to an Hon- 
ors thesis pilot program over the summer in Dangriga, 
Belize where I conducted research on the terrestrial mam-
mals in Billy Barquedier National Park. 
After my travels, I became an International Programs 
Office mentor for a year to encourage other students to 
take advantage of the amazing study abroad opportuni-
ties Bumpers College provides. I was also a member of 
Animal Science Representing, Educating, and Promoting 
Scholars (REPS) for two years. I helped REPS with events 
for students, faculty, and staff in the Animal Science De-
partment and assisted with community outreach.
 After graduation, I plan to attend medical school and 
continue traveling through medical missions abroad. 
I would like to thank my colleague Mersady Redding 
for helping me collect data in Belize. Additionally, I want 
to thank my family and friends for their constant encour-
agement throughout my college career. I am also grateful 
to Peacework, Jennie Popp, Amy Farmer, Chelsea Hodge, 
Kimberly Smith, Jacques Hill, Jason Apple, J.D. Willson, 
Charles Rosenkrans, Lawton Lanier Nalley, Fred Dustan 
Clark, and Isabel Whitehead for their continued support. 
In Belize, I want to thank Peter White, Mark Faux, Fidel 
Brooks, Anthony Hislop, and Tanisha Cacho. 
Meet the Student-Author
Kelsey Johnson
• Billy Barquedier National Park, located in the 
Stann Creek District of Belize has very little 
published research about the biodiversity 
in the area. Conservation efforts can be 
improved with more data. 
• The purpose of this study was to identify 
terrestrial mammals using live traps, game 
cameras, and tracks surrounding a tourist-
attraction waterfall in the park to provide 
a baseline list of species. Eleven different 
species were identified. 
• This data will supplement past and future 
studies regarding mammal inventories both 
within the national park and in Belize as a 
whole. The data collected have been used 
in reports about the park and to apply for 
funding for further biodiversity research. Kelsey with a Northern Climbing Rat, from the Billy Barquedier National Park.
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The diversity of terrestrial 
mammals surrounding a waterfall 
at Billy Barquedier National Park
 Kelsey L. Johnson* and Jason Apple† 
Abstract
Billy Barquedier is a National Park located in the Stann Creek district of Belize that contains Neotropi-
cal (the zoogeographical region which contains Central and South America) vegetation and wildlife. 
This study was performed to provide a baseline inventory and appearance frequency patterns of the 
terrestrial mammals located within Zone 1 of the park near a waterfall and to gain a greater under-
standing of the biodiversity and activity patterns of terrestrial mammals within the park. The methods 
included camera traps, small Sherman live traps, large live traps, and tracking methods. A non-random 
sampling method of placing camera traps and live traps on or near human-made or animal-made trails 
was used to identify the maximum amount of species possible within the eight-week study period. Bait 
including the local fruit Mamey Apple (Pouteria sapota) was used to attract wildlife to the study area. 
Based on discussions with park personnel, it was anticipated that approximately eight species would be 
identified within Zone 1; however, eleven different species were identified over the course of the study. 
The non- random sampling method introduced bias into the data. Consequently, definite conclusions 
about relative density and abundance of animals in the area cannot be drawn by this study alone. Sta-
tistical analysis of camera placement, length of camera placement, and time of day animal images were 
captured revealed that animals appeared more frequently in the central region during the first three 
days of image collection and during nighttime hours (2000 to 0459). 
* Kelsey Johnson is a May 2019 honors program graduate in the Department of Animal Science.
† Jason Apple, the faculty mentor, is a professor in the Department of Animal Science.
The Student Journal of Dale Bumpers College of Agricultural, Food and Life Sciences 53
Fig. 1. Billy Barquedier National Park, photo taken by Kelsey Johnson.
Introduction
Billy Barquedier National Park is located in the Stann 
Creek District of Belize. The climate in the Stann Creek dis-
trict is Neotropical (zoogeographical region which contains 
Central and South America) and contains dense jungles 
with thick lush vegetation. This study took place during the 
onset of the wet season. The Stann Creek District has the 
densest river and stream systems in Belize and animals tend 
to congregate by water (Hakre et al., 2004). Figure 1 is a wa-
terfall located within Zone 1. Billy Barquedier is overseen by 
Steadfast Tourism and Conservation Association (STACA; 
Dive into the Wilderness, 2017).
A biological inventory is desirable because they “are 
fundamental surveys that generate presence or absence  of 
information about a species from a collection of sampling 
units and often serve as the first step in assessing biodi-
versity” and when “followed by the development of moni-
toring programs” are used “as a way to track changes in 
populations” (Gilbert et al., 2008). Camera trapping is a 
vital tool when collecting data for a biological inventory 
because it offers “researchers more reliable evidence of ani-
mal presence” (Sunarto et al., 2013). 
Live trapping is a helpful method when composing a 
biological inventory because it yields minimum distur-
bances to population structure and density and can sup-
plement the camera trap data by specifically identifying 
small rodent species that would be nearly impossible using 
camera data (King and Edgar, 1977). Studies have shown 
“trapping success of researchers and densities of small 
mammals varied greatly between sites” and trapping suc-
cess could be low in this study (Kelly and Caro, 2003). 
When a study has a short time frame, a non-random 
sampling method may be more beneficial because it tar-
gets “ features of the landscape—such as game trails, roads, 
water points, and salt licks—that increase the probability 
of photographing one or several target species” (Cusack et 
al., 2015) More information regarding mammals in Billy 
Barquedier will be beneficial in drawing patterns of mam-
malian diversity and understanding their activity patterns 
in the area. This information can be used to guide conser-
vation efforts within the park and throughout Belize as a 
whole. 
Materials and Methods
Sampling Method
A non-random sampling method was used by placing 
camera traps and live traps on or near human-made or 
animal-made trails in order to identify as many species as 
possible in the eight-week study period. 
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Fig. 2. Central Group camera locations circled in yellow, East Group camera locations circled in orange, and the other 
group includes camera locations 1, 8, 9, 10, 11, 12, 17, 18, 24, 25, 4, 5,11,13, 22, 27, 26.
	
Camera Trap Methods
Moultrie (model MCG-12594 and product name M-880) 
cameras were set to take the photos with a one-second-trig-
ger speed after detection, three consecutive pictures, with a 
five-second delay before the next trigger. “Photo series at the 
same camera for the same species were considered indepen-
dent if 10 minutes passed with no captures of the respec-
tive species” (Kolowski and Forrester, 2017). Cameras were 
set up along the hiking trails either facing up or down the 
human-made trail, where trails created by small mammals 
intersected the larger human-made hiking trails, off the hu-
man trail where a game trail was located or on the ground 
facing small Sherman traps to capture photos of rodent spe-
cies.
The information recorded for the cameras included: spe-
cies, number of animals, time and date of record, camera 
number, longitude and latitude, and image number. The 
longitude and latitude were recorded using a GPS device 
(iPhone 6 Compass Application). 
The satellite image (Fig. 2) shows the locations of the 
camera sets throughout this study. Location groups within 
the study area were joined as follows for the test: East group: 
camera locations 2, 3, 6 and 7; Central Group: camera loca-
tions 14, 15, 16, 19, 20, 21, and 23; and Other Group: camera 
locations 1, 8, 9, 10, 11, 12, 17, 18, 24, 25, 4, 5, 13, 22, 27, 
and 26. All Chi-square analysis for the camera trap data was 
run using PROC FREQ (frequency procedure) of SAS (SAS 
Institute Inc., Cary, N.C.).
Live Trap Methods
Small Sherman traps (8.9 cm H, 7.6 cm W, 22.9 cm L) 
and larger live traps (Steel GoPlus 4.5 kg 30.5 cm H, 25.4 
cm W, 81.28 cm L) were used in this study. Traps were set 
between 1800 and 2000 and checked the following day be-
tween 1800 and 2000 in order to minimize stress to any ani-
mal caught within the trapping period. Traps were unable to 
be set directly by the waterfall due to the steep rocky terrain. 
The small traps were set along human-made trails in areas 
where small rodents were expected to reside. Large traps 
were set along the human-made trails where there appeared 
to be small mammal trails intersecting. For each live trap 
capture, the date, time, longitude, latitude, scientific name 
and common name were recorded. The longitude and lati-
tude were recorded using a GPS device (iPhone 6 Compass 
Application). 
Bait for Camera Traps and Live Traps
The baits used included peanut butter, oats, bananas, 
mangos, mango jelly, Mamey apple (Pouteria sapota), tuna, 
and canned cat food.
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Tracking Methods
Knowledge of the park guides was used to aid in locating 
and identifying tracks made in the naturally muddy areas 
within Billy Barquedier. The tracks were ultimately identi-
fied using A Field Guide to the Mammals of Central America 
and Southeast Mexico (Reid, 2009) and Neotropical Rain-
forest Mammals: A Field Guide (Emmons and Feer, 1999). 
Once a track was identified, the common name, scientific 
name, date, time, latitude, and longitude were recorded.
Data Analysis
Camera location (east, central, and other) within Zone 1, 
length of camera placement in a particular location (rang-
ing from 3 to 11 days of image capture), and time of the day 
when images were captured [dawn (DN) = 0100 to 0400; 
morning (AM) = 0400 to 0800; daytime (PM) = 0900 to 
1600; dusk (DK) = 1700 to 2000; and nighttime (N) = 2100 
to 2400] were analyzed using the chi-square option within 
the frequency procedure of SAS (SAS Institute, Inc., Cary, 
N.C.). Although not a primary objective of this study, this 
information could assist future inventory surveys within the 
Billy Barquedier National Park.
Results and Discussion
A comprehensive summary of the results from this study 
is shown in Table 1.
The Northern Climbing Rat and Big-eared Climbing 
Rat were the only two species caught in the small Sher-
man live traps within Zone 1, near the end of the study 
period in mid to late July.
The Northern Climbing Rat (Tylomys nudicaudus) 
was captured twice, but because it was released without 
being marked, it was possibly the same rat captured twice. 
The individual appeared to be a juvenile. “No other large 
rats in the Northern Climbing Rat’s range have a long, 
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Fig. 3. Northern Climbing Rat (Tylomys nudicaudus). This photo was taken in the field .
.
Fig. 4. Big-Eared Climbing Rat (Ototylomys phyllotis). Possible photo taken on camera trap.
white tip to the tail” (Reid, 2009). It is typically caught in 
traps baited with banana or other fruits and the specimen 
caught in this study was caught with banana and Mamey 
apple. A camera was set in front of the trap and the speci-
men appeared to be caught on the camera (Fig. 3) eating 
Mamey fruit before being captured in a trap that was set 
on the ground under leaves (Reid, 2009). 
The Big-eared Climbing Rat (Ototylomys phyllotis) 
was caught once and the trap was baited with tuna. This 
specimen was possibly caught on a game camera (Fig. 4) 
and a trap was placed in the area it was spotted in order to 
try and capture it and make a positive species identifica-
tion. The capture was successful with the trap placed in 
the ground under leaves. 
A Nine-banded Long-nosed Armadillo (Dasypus 
novemcinctus) went inside one of the large traps baited 
with Mamey apple but unfortunately pushed its way out 
and defecated inside the trap. The escape appeared to be 
caught on one of the cameras. 
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Fig. 5. Frequency of appearance of all animals between Center, East, and Other locations.	
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Fig. 6. Frequency of appearance of all animals between Days 1 to 3, Days 4 to 6, and Days 7 to 11.
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Fig. 7. Frequency of appearance of all animals between Dawn (DN), Morning (AM), 
Afternoon (PM), Dusk (DK), and Night (N).
Overall, live trapping was not widely successful in Zone 
1 and no statistical tests could be conducted, but the 
camera trapping was promising. A total of eight species 
were captured on camera traps and there were two cases 
of human traffic captured on camera traps along Tiger 
Trail as well. 
The group with the most frequent animal appearances 
was the Center Group (along Tiger Trail). A graph of 
these findings can be found in Fig. 5. 
Comparing observation frequencies between the num- 
ber of days cameras were out (Days 1 to 3, Days 4 to 6, 
and Days 7 to 11) revealed appearance frequencies from 
Day 1 to 3 were greater (Fig. 6).  
When comparing activity patterns (Fig. 7) during 
Dawn (0500 to 0659), Morning (0700 to 1159), Afternoon 
(1200 to 1759), Dusk (1800 to 1959), and Night (2000 
to 0459), it appears the Night category had the greatest 
frequency of animal observations, which leads one to be-
lieve many of the animals photographed were nocturnal. 
The most prevalent species caught on camera in Zone 
1 was the Nine-banded Long-nosed Armadillo (Dasypus 
novemcinctus), which was observed 36 times. The ani-
mals were not marked but showed up many times on the 
cameras in various locations throughout Zone 1. 
The Striped Hog-nosed Skunk (Conepatus semistriatus) 
that was caught on camera at night in this study appeared 
to have lost almost all of its hair on its tail, which was an 
interesting observation that could indicate the need for 
further investigation on the health of the species in the area. 
The Tayra (Eria barbara) “may be seen singly or in 
pairs, occasionally groups of 3 to 4”, which is consistent 
with the observations in this study (Reid, 2009). One of 
the photos taken was of a group of three individuals eat-
ing Mamey Apple (Fig. 8).
Collared Peccary (Pecari tajacu) tracks were identified 
once and the characteristic “musty-cheese odor” was ob-
served in the area as well (Reid, 2009). 
The White-nosed Coati (Nasua narica) diet consists 
of “invertebrates found in the leaf litter and under rot-
ting logs" and they use their "strong claws to dig, and root 
with the long sensitive nose”, which may be why it was at-
tracted to cat food and tuna bait (Reid, 2009). It has been 
stated “males are solitary except during breeding season” 
and the photos in this study (Fig. 9) appeared to show 
one male individual traveling alone (Reid, 2009). 
The Central American Agouti (Dasyprocta punctata) 
plays a vital role in the ecosystem because “when food is 
abundant, it carries seeds away and buries them for fu-
ture use, depositing each seed in a different place. Since 
not all seeds are recovered this rodent is an important 
seed disperser for a number of tree species” (Reid, 2009). 
This species was observed thirteen times within Zone 1, 
leading one to believe that these rodents are fulfilling this 
important seed-dispersing role in Billy Barquedier.
There appeared to be some evidence of large cat (Jag-
uar or Puma) movement at the top of Tiger Trail near 
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Fig. 8. Tayra (Eira Barbara) Group of three caught on camera trap.
Fig. 9. White-nosed Coati (Nasua narica). Camera trap photo.
60   DISCOVERY   •   Vol. 20, Fall 2019
camera locations 22 and 27, due to some feces and tracks 
observed. There was not enough evidence for a firm pos-
itive identification, but more research in this area with 
camera traps could lead to a positive identification.
Of all of the baits used to attract animals, the Mamey 
apple appeared to be particularly successful. This “ovoid 
medium-large” fruit comes from the tropical tree species 
Pouteria sapota and has a “vibrant salmon-colored flesh” 
with a “large center pit” (Slow Food USA). 
Due to the short sample period, the need to use a non-
random sampling method, and the inconsistent number 
of days each camera was set in each location for this study, 
the results are subject to bias. Therefore, this species list 
and data is a baseline for a terrestrial mammalian inven-
tory for Billy Barquedier National Park. Further studies 
must be conducted in the park to create an inventory that 
encompasses all of the species so further conclusions 
about the density and abundance within the park can be 
made.
In order to avoid bias in future studies and more suc-
cessful species identifications, researchers “must balance 
the desire to maximize overall detection probability and 
spatial coverage given a limited number of cameras and 
days available for their study” (O’Connor et al., 2017). 
Using a randomized sampling method and camera ar- 
rays can help create this balance. Other studies suggest “the 
change from a single camera to even a two-camera array 
will likely increase detectability during the season but 
would reduce the number of sites being sampled by half ” 
(O’Connor et al., 2017). With so few cameras in this study, 
camera arrays seem like they would be difficult to use to 
achieve quality data. However, the same study suggests “the 
increase in both survey and season detection probability 
over short season lengths could allow researchers to re-
trieve and relocate cameras, thus achieving greater spatial 
coverage of a landscape without sacrificing data quality” 
(O’Connor et al., 2017). Camera trap studies are benefi-
cial because they show “tremendous utility in collecting 
wildlife data in a manner that is minimally invasive and 
requires reduced human labor” (O’Connor et al., 2017).
To improve studies similar to this one in the future, some 
alterations should be made. These alterations include: set-
ting more camera traps in the western region of the study 
area, using a Garmin GPS to obtain more reliable coordi-
nates, using camera arrays to increase the chance of suc-
cessful identifications, keeping better track of what bait was 
used for each camera trap, and setting traps with the inten-
tion to capture specific elusive species. Fortunately, predic-
tions that were made prior to the study were confirmed.
Agoutis (Dasyprocta punctata) were caught on cam-
era within Zone 1. These rodents are a vital player in the 
ecosystem. They are “a caviomorph rodent” and in one 
study they were observed burying “13% of the seeds of 
Pouteria” which is the Mamey Apple used as bait several 
times in this study (Brewer and Rejmánek, 1999). This 
means the Agouti is vital in seed dispersal for an eco-
system. This study states that small rodents are typically 
overlooked when considering important seed predators 
and dispersers in Neotropical forests even though their 
“great abundance and ubiquity” allows them to play a 
vital role in “the mechanisms that determine patterns 
of tree recruitment in tropical forests”, and the “results 
of this study support predictions by some researchers 
that small rodents are dominant terrestrial granivores in 
Neotropical forests” (Brewer and Rejmánek, 1999). Also, 
 
since the Mamey apple (Pouteria sapota) was successful 
bait in this study, future researchers in Belize should con-
sider this local fruit when trying to attract wildlife.
In all, the data collected in this study could supple-
ment mammal inventory in the journal article “Inven-
torying mammals at multiple sites in Maya mountains” 
(Caro et al., 2001). 
Conclusions
The initial hypothesis in this study was with the time 
frame given (approximately eight weeks) at least eight 
species would be identified using camera traps, live traps, 
visual identification, and track identification. The results 
revealed a total of eleven different species identified with-
in Zone 1 of the Billy Barquedier National park, which 
exceeded the expectation of eight, or fewer, species. Also, 
chi-square analysis of image collection parameters indi-
cated that animals appeared more frequently in the cen-
tral region of the study site, during the first three days 
the cameras were set out, and during the nighttime hours 
(2000 to 0459). Eleven species for an eight-week study 
period is considered a success based on previous studies 
performed in the neotropics. A longer study period, more 
randomized camera placements, consistent durations 
cameras are set out before being switched (between three 
to seven days after a camera is set it should be re-baited 
or relocated to maximize species detection), and more 
randomized live trap placements may yield results that 
capture the more elusive species (for example the Jaguar, 
Puma, and more small rodent species) present in Billy 
Barquedier National park. The location of Zone 1 might 
have also played a role in seeing less elusive species due 
to human traffic (humans were spotted twice on camera 
traps). The pictures and data collected in this study were 
given to the overseers of Billy Barquedier National Park 
(STACA) and have been used in reports about the park 
and to apply for funding for further biodiversity research 
in the park. Overall, the data produced by this study can 
supplement other terrestrial mammal species inventory 
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studies that have been done in the past and other biodi-
versity research that will be performed in the future.
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Identifying Arkansas Food Desert Blocks Suitable for a Peer-to-Peer 
Modeled Food Redistribution Program
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Emily King
• This study identified food deserts in the state of 
Arkansas, which are areas that have large proportions 
of households with low incomes, inadequate access to 
transportation, and a limited number of healthy food 
retailers.  
• An analysis was conducted using population, internet 
access, vulnerable communities, and vehicle availability 
as criteria to identify which of the Arkansas food deserts 
are best suited for a program that redistributes food in a 
peer-to-peer way.
• From the results of this study, it is recommended that 
Pulaski County be targeted for a food redistribution 
program that provides residents with an online platform 
for selling unused or unwanted food items. 
• This study can be used to analyze food desert locations 
in Arkansas for redistribution programs and serve 
as a baseline for future studies pertaining to the 
implementation of peer-to-peer economic models. Emily in front of the Parthenon in Athens, Greece during her study abroad experience.
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Identifying Arkansas Food Desert 
Blocks Suitable for a Peer-to-Peer 
Modeled Food Redistribution 
Program
Emily King*, Jennie Popp†,  Michael Thomsen§,  
Di Fang‡, and Alvaro Durand-Morat¶
Abstract
Nearly 10% of Americans reside in low-income urban food deserts, which are low-income areas 
that lack access to affordable and nutritious foods. Food deserts in Arkansas contribute to a food 
insecurity rate above the national average, making it one of the most food-insecure states in the 
country. Increased internet usage and consumer interest in sharing-based companies contribute 
to the idea of a sharing, or peer-to-peer (P2P) style food redistribution program. The objective 
of this study is to identify which of the 186,211 census blocks in the state of Arkansas are food 
deserts and best suited for and in the most need, based on an identified set of criteria, of a P2P 
food redistribution program. A multi-criteria decision analysis was conducted using population, 
internet access, vulnerable communities, and vehicle availability as criteria. Results suggest that 
based upon the proximity of priority areas, transportation access, ethnic/racial diversity, and the 
number of possible collection locations, Pulaski County should be targeted for a P2P food redis-
tribution pilot program.
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  and Food Technology.
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Introduction
A large number of food deserts in Arkansas make it 
one of the most food insecure states in the country (US-
DA-ERS, 2017b). Food deserts are regions of the country 
that “often feature large proportions of households with 
low incomes, inadequate access to transportation, and a 
limited number of food retailers providing fresh produce 
and healthy groceries for affordable prices” (USDA-ERS, 
2017a). 
A peer-to-peer (P2P) economic model could serve 
as a possible solution to the problem of urban food des-
erts, which make up 75% of total food deserts (National 
Coalition for the Homeless, 2011). A P2P economy is a 
model where individuals interact to buy or sell goods and 
services directly to one another, without an intermediary 
or company. Airbnb and Uber are examples of successful 
P2P organizations. Food sharing has become more com-
mon in cities and often focuses on redistribution of sur-
plus food (Gaspard, 2018). Redistributing surplus food 
through a P2P system can positively impact food deserts 
and reduce the big problem of food waste. The objective 
of this study was to identify food desert census blocks in 
the state of Arkansas that are best suited for and in the 
most need, based on an identified set of criteria, of a P2P 
food redistribution program. 
Materials and Methods
The assessment was conducted based on multi-criteria 
analysis and the methodology was inspired by the steps 
set forth by Haque (2016).
All food desert blocks in the state of Arkansas were 
identified based on income level and access to nutri-
tious foods. Poverty and median income data from the 
U.S Census were used to determine whether each block’s 
poverty rate was 20% or greater or each block’s median 
family income was less than or equal to 80% of the state-
wide family income (USDA-ERS, 2017a). Data regarding 
grocery store and supermarket locations, typical sup-
pliers of nutritious foods, from Burgener and Thomsen 
(2018) were used to determine low access. Data arrange-
ment and mapping were completed using RStudio (RStu-
dio®, Boston, Mass.).
Criteria for selection were based on population, in-
ternet access, vulnerable households, and vehicle access 
within food desert block groups. Within this study, al-
ternatives, or block groups, were initially scored on an 
interval scale for internet access, vulnerable communi-
ties, and vehicle access criteria. Population was the only 
criterion that was not scored. Data classification by quan-
tiles was used to classify data into a specific number of 
categories with an equal number of units in each catego-
ry. One thousand quantiles were calculated and used for 
each criterion. The quantiles ranged from 0.1th to 100th, 
each with a corresponding value. The census blocks were 
scored 1 to 1000 depending on which quantile their cri-
teria value fell into. The rationale for each included crite-
rion is briefly presented below.
Population
A P2P food sharing program provides users with per-
ishable goods that cannot necessarily be shipped in 2 to 
3 business days. Therefore, buyers and sellers must be 
in proximity to one another. To follow this idea, block 
groups with higher population density, or in other words 
more urban, are preferred for implementation of this pro- 
gram.
Internet Access
Peer-to-peer markets rely on sharing goods and ser-
vices through new information systems on the internet 
(Hamari et al., 2016). In order for a P2P food redistribu-
tion program to work within a food desert, the residents 
need access to the internet through a subscription or 
other means. The percentage of households with internet 
access was determined using the 2013–2017 American 
Community Survey 5 Year Data Table B28002 Presence 
and Types of internet Subscriptions in Household. These 
data were calculated at the census tract level because the 
information is not collected at the census block group 
level. Tracts with a high percentage of households with 
internet access are likely highly compatible with the P2P 
program. 
Children Under 18
The percentage of residents in each food desert block 
group under the age of 18 was determined using the 2013–
2017 American Community Survey 5 Year Data Table 
B01001 Sex by Age. These data were calculated at the 
census block group level. Block groups with a high pro-
portion of children are likely at a higher need for the P2P 
program. 
Minority Population
Poverty also is an indicator of food deserts (USDA-
ERS, 2017a). In Arkansas, Black and Hispanic house-
holds are roughly two times more likely to live in poverty, 
elevating their risk of food insecurity and residing within 
a food desert (2017 American Community Survey 1 Year 
data. Tables B17001A, B17001B, and B17001I; Bread for 
the World, 2018). The percentage of residents in each 
food desert block group that are either Black and/or His-
panic was determined using the 2013–2017 American 
Community Survey 5 Year Data Table B03002 Hispanic 
or Latino Origin by Race. These data are calculated at the 
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Fig. 1. Identified food desert blocks layered on top of urban blocks. 
Source: King 2019, using data from 2010 U.S Census, Burgener and Thomsen 2018.
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census block group level. Block groups with a high pro-
portion of Black and/or Hispanic residents are likely at a 
higher need for the P2P program. 
Vehicle Availability
Food desert residents without access or ownership of 
a vehicle may be at a higher risk for food insecurity as a 
result of limited full-service food retailer access or high 
food prices at local food retailers (Fitzpatrick and Ver 
Ploeg, 2010). The percentage of residents in each food 
desert block group without access to a vehicle was deter-
mined using the 2013–2017 American Community Sur-
vey 5 Year Data Table B25045 Tenure by Vehicles Avail-
able by Age of Householder. These data are calculated at 
the census block group level. Block groups with a high 
percentage of residents who do not have an available ve-
hicle are likely in high need of the P2P program. 
Each criterion was given weight. The criterion, with 
the exception of population, have an impact range of 1000, 
meaning the maximum score for each criterion is 1000. 
To value certain criteria more than others, the four cri-
teria were weighted according to importance. Criteria with 
heavier weights are more important in determining the 
location most suitable for P2P activity. Based on the above- 
mentioned literature as well as Gal-Or (2017), Wright 
et al. (2016), and Feeding America, 2018), criteria were 
placed in this order of importance and assigned the fol- 
lowing weights: internet (32%), Children Under 18 (26%), 
Minority Population (22%), and vehicle availability (20%). 
Each criterion was scored. Initial scores (1–1000) were 
multiplied by the corresponding criteria weight. Final 
scores were totaled to provide a single score for each block 
group. Each block group was able to score up to 1000 to-
tal points. Urban food desert blocks that scored 75% or 
more of the possible points (750 or more points) were 
identified as priority blocks. To determine if there is one 
specific area of the state that is far more in need of the 
pilot program, the top five (or less) priority areas were 
identified. Using 900 points (90%) as the determinant 
was able to provide less than five high priority block areas.
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Figure 2 Identified priority blocks, those with 750 or more points layered on top of urban blocks 
Source: King 2019, using data from 2010 U.S. Census and 2013- 2017 American Community Survey 5 Year Data Tables 
Fig. 2. Identifie  priority blocks, those with 750 or  points layered n top of urban blocks
Source: King 2019, using data from 2010 U.S. Census and 2013–2017 American Community 
Survey 5 Year Data Tables.
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Results and Discussion 
To begin, 26,700 food desert blocks in Arkansas were 
identified, and they appeared in every county. For the 
implementation of the proposed program, census blocks 
with higher population density, or more urban areas were 
preferred. Using the U.S. Census Bureau’s census-desig-
nated places, Fig. 1 was derived and shows the identified 
urban food deserts layered on top of the urban blocks. 
Figure 1 shows 57,925 urban blocks, as defined in this 
study. As expected, cities with over 50,000 residents such 
as Little Rock, Fayetteville, Springdale, and Jonesboro 
were included in the urban block mapping. After locat-
ing the urban food desert blocks, four further criteria; 
internet access, child population, minority population, 
and vehicle availability were used to score and weight 
the varying block groups. Urban food desert blocks that 
scored 75% or more of the possible points (750 or more 
points) were identified as priority blocks. 
In Fig. 2, there were areas including Pulaski and Gar-
land County that have multiple priority areas in proxim-
ity to one another. The high number of priority areas in 
and around Little Rock in Pulaski County, as shown in 
Fig. 3, makes it of high interest. There are roughly 14 pri-
ority areas in Pulaski County. Given their proximity and 
likelihood to reach a lot of people, there are three specific 
large priority areas, circled in Fig. 3. 
There are variables that were not included in the scope 
of this analysis, but still play a role in the success of the 
P2P program. These variables include transportation 
access, ethnic/racial diversity, and the number of pos-
sible collection locations. If food is being transported 
from surrounding cities or states, there needs to be an 
efficient way to access food desert areas. Little Rock pos-
sesses this ability because it is located at the intersection 
of two major highways, Interstate 30 and Interstate 40. 
This location makes the transportation of redistributed 
food easier than it would be if the program was placed in 
an area such as Jonesboro or Hot Springs. 
As previously mentioned, in Arkansas, Black and His-
panic households are more likely to live in poverty, el-
evating their risk of food insecurity and residing within 
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Fig. 3. Identified priority blocks in Pulaski County, those with 750 or more points layered on top of urban blocks.
Source: King 2019, using data from 2010 U.S. Census and 2013–2017 American 
Community Survey 5 Year Data Tables.
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Figure 3 Identified priority blocks, those with 750 or more points layered on top of 
urban blocks 
Source: King 2019, using data from 2010 U.S. Census and 2013- 2017 American 
Community Survey 5 Year Data Tables 
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a food desert (2017 American Community Survey 1 Year 
data. Tables B17001A, B17001B, and B17001I; Bread for 
the World, 2018). Pulaski County and Little Rock are eth-
nically and racially diverse, which further identifies them 
as good locations for P2P activity.
Though collection and distribution location data were 
not included in this study, it is assumed there are numer-
ous places in Pulaski County to choose from. Pulaski 
County is the most populated county in Arkansas and 
Little Rock is the most populated city. It is well known 
that larger cities and counties have more establishments, 
therefore, finding a location for a P2P program collection 
and distribution point would be easier. 
As shown in this study, there are multiple reasons to 
target Pulaski County for a P2P food redistribution pro-
gram. First, Pulaski County possesses three large prior-
ity areas with high levels of internet access in proximity. 
These priority areas are just under two miles apart, there-
fore, placing a P2P activity hub in between the top area 
and the middle area and between the middle area and 
bottom area would provide food access less than one mile 
from residents. This could transition these priority areas 
away from food desert classifications. Using the U.S. Cen-
sus Bureau’s population density for Little Rock (1623.5 
people per square mile), it is estimated P2P activity in 
these areas could service around 7500 residents (Census.
gov: QuickFacts: Little Rock city, Arkansas; Pulaski Coun-
ty, Arkansas; Arkansas, 2018). Next, Pulaski County is 
located at the intersection of two major highways, making 
it easy to access by transportation. Pulaski County is more 
ethnically and racially diverse than the state of Arkansas 
as a whole indicating it is in more need of a food access 
program. Finally, Pulaski County has a high population 
and many potential locations for collection and distribu- 
tion sites. Based on the results of this study, it is recom-
mended that Pulaski County be amongst the first to be tar-
geted for a P2P food redistribution program pilot. 
Should additional studies further examine issues re-
lated to a P2P modeled food redistribution program in 
Arkansas, the following recommendations are made. First, 
the identification of collection and distribution points are 
needed. This study simply identifies where in the state of 
Arkansas is most suitable and in the most need of a food 
redistribution program, but it does not pinpoint specific 
locations for the program’s primary hub. Data regarding 
the locations of farmers' markets, churches, and pan-
tries were not included in this study. Within the prior-
ity blocks and the clusters of priority blocks, it would be 
beneficial to identify farmers' markets, food pantries, 
churches, or other community facilities to serve as collec-
tion and distribution points. After finding these locations 
it would be helpful to then determine the number of food 
desert residents that could be reached and impacted by 
the program. 
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Secondly, government funding may play an impor-
tant role in launching a program of this size, especially if 
SNAP benefits are to be used via the app or website. For 
program funding and policy implementation, it is impor-
tant to show if this program in the selected location can 
benefit minorities and SNAP beneficiaries. This study 
takes a broad approach in determining priority areas 
which include the minority population, but not the num-
ber of SNAP beneficiaries. Within the priority blocks and 
the clusters of priority blocks, it would be beneficial to 
identify where large populations of minorities are located 
just as was done in the map of internet access in Pulaski 
County. It would also be beneficial to show the number 
of SNAP beneficiaries in the priority blocks to signal if 
there is a need for P2P accessible SNAP benefits. 
This study does not determine whether residents of 
these areas would enjoy or participate in the outlined 
P2P program. After areas and collection/distribution 
points are identified and before the program is imple-
mented, it would be important to understand if residents 
would be interested in joining a P2P style system and 
what obstacles they foresee. Allowing residents to play a 
role in designing the final program can help ensure they 
participate in it after implementation. 
Finally, this study does not conduct a sensitivity anal-
ysis for the criteria weights. This is a limitation because 
different percentages may better identify priority areas. 
In future studies, conducting a sensitivity analysis may 
be useful. 
Conclusions
This study may be used to 1) help analyze food des-
ert locations for P2P activity implementation in Arkan-
sas, and 2) expand the study to include other states and 
food deserts in the U.S. Finally, this study could serve as 
a baseline to a future study that examines the location of 
P2P food redistribution collection points and the num-
ber of consumers they could reach.
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Evaluating rice straw as a substitute for barley straw 
in inhibiting algal growth in farm ponds
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• Algal blooms can harm aquatic ecosystems and 
have become more common and severe due to 
nutrient pollution. Conventional mechanical 
and chemical methods of algal population 
control are inefficient and can harm other 
aquatic organisms. 
• Aerobically decomposing barley straw has 
been shown to inhibit the growth of algal 
populations. Barley is not a common crop in 
Arkansas, but other cereal grain straws may 
release similar chemicals. Rice straw represents 
a possible eco-friendly, locally sourced form of 
algal control.
• Based on the results of this study, neither 
barley straw nor rice straw was effective at algal 
growth inhibition compared to the control. Jacob analyzes nitrate-N concentrations of pond water 
samples in the laboratory.
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Evaluating rice straw as a 
substitute for barley straw 
in inhibiting algal growth in 
farm ponds
Jacob Maris*, Mary Savin†, and Lisa Wood§
Abstract
Algal blooms disrupt aquatic ecosystems and are more common in lakes, ponds, and rivers dur-
ing the summer months due to nutrient pollution. Livestock production can contribute increased 
quantities of nutrients to water bodies from runoff of manure. Commonly used mechanical and 
chemical control methods may have limited success because algae are small and propagate quick-
ly. Barley (Hordeum vulgare) straw has been shown to inhibit the growth of algae as the straw 
decomposes aerobically in ponds. Therefore, barley represents a natural option for algal biomass 
control. However, the small amount of barley production in Arkansas limits the availability of 
barley straw as a solution to control algal blooms locally. Other cereal grain straws may produce 
similar inhibitory effects during decomposition. Rice (Oryza sativa) is produced in large quanti-
ties in Arkansas, making rice straw a locally sourced straw product. The objective of this research 
was to determine the efficacy of using rice compared to barley straw to inhibit algal growth in 
freshwater ponds. Data were collected from nine farm ponds, three treated with rice straw, three 
treated with barley straw, and three without amendment to serve as the experimental control. 
Dissolved oxygen, pH, nitrate-nitrogen (NO3–-N), dissolved phosphorus (P), temperature, and 
turbidity were measured for 14 weeks from 12 June to 17 September 2018. Algal biomass was 
measured as chlorophyll-a concentration to evaluate treatment effectiveness over time. Dissolved 
oxygen was significantly influenced by the main effects of treatment and time. The NO3–-N con-
centration in ponds treated with rice straw was significantly greater than the control and bar-
ley treatment. Chlorophyll-a concentrations were variable, and there were no consistent trends 
through time within a treatment. More research under controlled conditions to understand im-
pacts of abiotic conditions, microbial and algal community compositions, and mode of action of 
algal inhibition is required before cereal straw can be a reliable, locally sourced method of algal 
control in farm ponds.
* Jacob Maris is a May 2019 honors program graduate with a major in Environmental, Soil, and Water Science. 
† Mary Savin, the faculty co-mentor, is a Professor in the Department of Crop, Soil, and Environmental Sciences.
§ Lisa Wood, the faculty co-mentor, is a Clinical Assistant Professor in the Department of Crop, Soil, and Environmental Sciences.
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Introduction
Algae are present in almost every aquatic ecosystem, 
play a key ecological role through photosynthesis, and 
serve as a food source for higher trophic levels. Phyto-
plankton are free-floating algae that live in the upper layer 
of stratified ponds and lakes and can grow to large num-
bers forming algal blooms. These algal blooms, or elevated 
densities of algal populations, compromise ecosystem 
health. Increased nutrient concentrations from human 
activities, such as fertilizer use and livestock production, 
contribute to more frequent algal blooms (Islami and 
Filizadeh, 2011). The increase in algal abundance can turn 
the water color, commonly green in freshwater, and can 
cause a foul odor. Additionally, dissolved oxygen becomes 
limited as the algae die and decompose (Kannan and Len-
ca, 2012). Blue-green algae, while grouped with algae, are 
photosynthetic bacteria called cyanobacteria (Kannan and 
Lenca, 2012). Blue-green algae can turn the water green, 
produce a foul odor, and release cyanotoxins that may be 
harmful to humans and animals. Attempts to control algae 
are rarely successful because algae are small and repro-
duce quickly. Mechanical removal is inefficient and must 
be repeated periodically, while treatment with chemical 
algicides can harm non-target organisms (Swistock, 2017). 
Barley (Hordeum vulgare) straw can be used as an al-
ternative method of algal control. As barley straw decom-
poses aerobically, it releases a chemical, or combination 
of chemicals, that inhibits the growth of green algae and 
cyanobacteria without harming other aquatic life (Islami 
and Filizadeh, 2011). While the precise inhibitory chemi-
cal is not known, it has been hypothesized that weak per-
oxides and oxidized polyphenols are responsible for algal 
growth inhibition (Islami and Filizadeh, 2011). Straw must 
be placed in ponds 2 to 8 weeks before the algal growing 
season, depending on water temperature, to give the straw 
time to begin decomposing (Lembi, 2002). Maximum 
toxicity to blue-green algae occurs after one month of de-
composition and declines over the following months until 
decomposition is complete (Rice et al., 1980). Decompo-
sition of the barley straw may decrease dissolved oxygen, 
but the lack of competition for light from algae allows 
more photosynthesis from higher-order plants (Newman, 
2004).
While barley straw has the potential to be an environ- 
mentally “clean” form of algal control, there are some con-
cerns regarding the adoption of barley straw for algal con-
trol. Barley straw acts as an algistat, rather than an algicide, 
such that barley straw does not kill existing algal cells but 
prevents the growth of more algae. Because the Environ-
mental Protection Agency has not certified barley as an al-
gistat, barley straw can be marketed legally only as a home 
remedy for preventing algal growth (Lembi, 2002). A lo-
gistical challenge to using barley straw in Arkansas is that 
barley is not a commonly cultivated crop (USDA, 2018). 
Barley production in the United States is concentrated in 
the northern midwestern and northwestern states, such 
as North Dakota, Montana, and Washington, rendering 
barley straw unavailable to much of the country (Guercio, 
2018).
Arkansas is the largest rice (Oryza sativa) producer in 
the country based on planted area (USDA, 2018). Though 
studies using cereal straw to prevent algal growth have con-
centrated on barley straw, other cereal grain straws may 
be effective substitutes for barley straw because similar 
chemicals are produced during decomposition (Newman, 
2004; Park et al., 2006). The large quantities of rice straw 
in Arkansas make rice straw favorable when attempting 
to minimize the cost of algal control. Furthermore, cya-
nobacterial populations in rice paddies were less dense in 
the second year of cultivation than in the first year when 
residues from the first year were left in the paddies, lend-
ing support to the hypothesis that rice straw is effective at 
inhibiting algal growth (Rice et al., 1981).
Materials and Methods
Experimental Setup
After presenting the project background, research 
questions, and anticipated experimental approach to the 
Ozark Cattlemen’s Association and faculty, five volunteers 
agreed to participate in the project by granting access to 
their ponds. Nine farm ponds in Washington County were 
selected for this experiment (Table 1; Fig. 1). For two prop-
erties, three ponds were located on one property and each 
treatment was randomly assigned to a pond on the prop-
erty. For the last three remaining ponds located on differ-
ent properties, each treatment was assigned randomly to a 
pond (Fig. 1). Ponds treated with barley straw were labeled 
pond B1, B2, and B3. Ponds treated with rice straw were 
labeled pond R1, R2, and R3, and the three ponds left un-
treated as an experimental control were labeled pond C1, 
C2, and C3. The surface area was calculated for all ponds 
by measuring the length and width with a tape measure. 
Ponds with straw were treated at a rate of 25 g/m2 with 
oven-dried straw (Abou El Ella et al., 2007).
The appropriate masses of barley and rice straw were 
portioned for the respective ponds, cut into pieces approx-
imately 15 cm in length, and placed into plastic 0.5-cm 
mesh bags. Bags were packed loosely, so water could easily 
flow through the bag and contact the decomposing straw. 
When filled with straw, bag volume approximated 90 cm 
by 55 cm by 40 cm. Pool noodles were tied to the bags with 
twine to keep the bags afloat in the ponds and promote 
conditions for aerobic decomposition. Bags were placed 
on their sides so that the bottom of the bag was at a depth 
of approximately 20 cm. Each straw bag was anchored to 
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the pond floor using bricks tied to the ends of string sta-
bilizing placement and evenly spacing bags within ponds. 
Due to varying pond size, the number of straw bags per 
pond ranged from one bag in pond R1 to eight bags in 
pond B2. Brick anchors were attached by a length of string 
equal to the pond depth at the location of each straw bag. 
Barley and rice straw bags were placed in ponds on 12 June 
2018.
Sampling
Beginning on 12 June 2018, when the rice and barley 
straw were placed in each respective pond, water sam-
ples were collected weekly from each of the 9 ponds for 
14 weeks. Ponds were sampled in the order: R1, B1, C1, 
R2, B2, R3, B3, C3, C2. Composite samples consisted of 5 
individual 125-mL samples collected at a depth of 15 cm 
(625-mL total sample) at regular intervals across a transect 
dissecting each pond. Individual sample locations corre-
sponded to the following: 1) close to the pond bank, 2) a 
quarter of the distance across the pond, 3) the center of the 
pond, 4) three-quarters of the distance across the pond, and 
5) at the opposite bank. Samples were collected traversing 
each pond in an aquatic sampling vessel to prevent water 
and sediment disturbance. Samples were immediately cov-
ered with aluminum foil to prevent further photosynthesis 
and photodegradation. The final date of sampling was 17 
September 2018.
Chlorophyll-a
To measure chlorophyll-a concentrations, 50 mL from 
each composite pond sample were filtered in the field us-
ing a hand pump and GF/F filter (Whatman, 0.7-µm pore 
size). Filtrate was saved for further filtration for NO3–-N 
and phosphorus analysis. After returning to the laboratory, 
each filter was soaked in 7 mL of 90% acetone for 24 hours 
and stored in a freezer. The extract was analyzed using a 
Trilogy Laboratory Fluorometer (Turner Designs, San 
Jose, Calif.). The “Chl-a” module of the fluorometer was 
calibrated using a stored calibration curve. After samples 
had been equilibrated to room temperature, extract from 
each sample (3 mL) was pipetted into a culture tube. Each 
tube was placed into the fluorometer one at a time. The 
sample was measured before acidification. After the mea-
surement was complete, 0.1 mL of 0.1 N hydrochloric acid 
was pipetted into the tube. Following a 90-second reaction 
period, the sample was measured after acidification. The 
acidification step converts all chlorophyll-a to pheophytin, 
a degradation product of chlorophyll-a, for conversion to 
a pheophytin-corrected chlorophyll-a concentration mea-
sured by the fluorometer. Resulting chlorophyll-a (µg/L) 
concentrations were recorded. 
On week 14 (17 September 2018), nine 50-mL water 
samples were collected at a depth of 15 cm in pond B2 to 
evaluate spatial distribution of chlorophyll-a concentra-
tions. Water samples were collected at distances of 0, 3, and 
Fig. 1. Map showing the location of each pond studied in Washington County from Google Earth (2019). Ponds R1, 
R2, and R3 were treated with rice straw. Ponds B1, B2, and B3 were treated with barley straw. Ponds C1, C2, and C3 
were left untreated as a control.
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6 m from three separate straw bags for a total of nine sam-
ples. Each sample was filtered in the field, prepared, and 
measured for chlorophyll-a concentration as described 
previously. 
Nitrate-Nitrogen (NO3–-N) and Dissolved Phosphorus
Using a 0.45-µm pore size nylon syringe filter (Cole 
Parmer, Vernon Hills, Ill.), 10 mL of filtrate from the chlo-
rophyll-a procedure were filtered before leaving the field. 
Two drops of 5-M hydrochloric acid (HCl) were added 
to each sample after filtration to preserve the sample. 
Nitrate-N concentrations were measured using cadmium 
reduction and the modified Griess reaction on a Sans-plus 
segmented-flow autoanalyzer (Skalar Inc, Buford, Ga.) 
(Baker et al., 2018). The calibration curve was prepared 
from 0-, 1-, 2-, 5-, 8-, and 10-mg/L standards. The filtered 
and acidified water samples that did not produce an in-
strument response were recorded as a concentration of 0 
mg NO3–-N/L.
Filtered and acidified water samples were sent to the 
Agriculture Diagnostic Laboratory at the University of 
Arkansas System Division of Agriculture Agricultural Ex-
periment Station to be analyzed for dissolved phosphorus 
on a Spectro Arcos inductively coupled plasma-optical 
emission spectrometer (ICP-OES) (SPECTRO Analytical 
Instruments, Kleve, Germany).
Water Quality Parameters
Dissolved oxygen was measured in-situ at each of the 5 
locations along the sampling transect, at a depth of 15 cm, 
using a Lab Quest 2 (Vernier Software & Technology, Bea-
verton, Ore.) and Vernier Dissolved Oxygen Probe, and 
values were averaged for each pond. The pH, temperature, 
and turbidity were measured on the composite samples in 
the field using a pH Sensor, Stainless Steel Temperature 
Probe, and Turbidity Sensor (Vernier Software & Technol-
ogy, Beaverton, Ore.).
Decomposition
To measure the decomposition of straw in each pond, 
the initial dry weight of straw was measured before adding 
to each pond. After the 14 weeks, the straw was removed 
from the ponds, dried in drying ovens at 55 °C for three 
weeks, and weighed again. Percent decomposition was 
calculated by subtracting the final weight from the initial 
weight, dividing the difference by the initial weight and 
multiplying by 100.
Precipitation
Precipitation data were obtained from the Town Branch 
at Armstrong Street weather station in Fayetteville, Arkan-
sas on the United States Geological Survey website (USGS, 
2018).
Data Analysis
Chlorophyll-a concentrations were converted to rela-
tive percent difference from week 1 concentrations for 
each pond according to Eq. 1.
               Eq. 1
 
where xo was the chl-a value in week 1 and x was the 
chl-a value of the current week.
Averages, standard deviations, and standard error of 
the mean were calculated each week for the average rela-
tive percent difference in chlorophyll-a from week 1, NO3–-
-N, phosphorus, dissolved oxygen, pH, temperature, and 
turbidity. 
Data organization, graph creation, and data analysis 
were conducted in Excel 2016 (Microsoft Corp., Redmond, 
Wash.). Repeated measures analysis of variance (ANOVA) 
tests were performed on each dependent variable to deter-
mine statistical significance at α = 0.05. Bonferroni post-
hoc analysis was conducted on variables with significant 
P-values. Statistical analyses were used to determine if de- 
pendent variables differed across treatments over time. A 
t-test was used to determine the statistical significance of 
straw decomposition between rice and barley straw (α = 
0.05). A single factor ANOVA was used to determine sta-
tistical significance among chlorophyll-a concentrations 
sampled at increasing distances from the straw bag (α = 
0.05). Linear regression was used to determine if dissolved 
oxygen and temperature changed through time at a 95% 
confidence level.
Results and Discussion
During the 14 weeks, 28.5 ± 19.3% (average ± standard 
deviation) of the barley straw placed in ponds decom-
posed, while 43.7 ± 13.4% of the rice straw decomposed. 
Decomposition was not significantly different (P = 0.26). 
Barley straw decomposed to the same extent as rice straw 
(~40%) in two of the ponds; however, pond B3 resulted in 
only a 6.7% decrease in barley straw. The dissolved oxy-
gen was consistently low, usually between 3 and 4 mg/L 
in pond B3. The range for dissolved oxygen concentration 
in ponds with rice straw and the control was 4.1 mg/L to 
6.5 mg/L and 3.9 mg/L to 6.7 mg/L, respectively (Fig. 2). 
Pond B3 also had a layer of accumulated leaf litter on the 
bottom of the pond; therefore, aerobic microbial activity 
in B3, and thus aerobic decomposition of barley straw and 
production of any allelopathic compounds, may have been 
more constrained by abiotic conditions in the pond com-
pared to other ponds.
Dissolved oxygen concentration differed among the rice 
straw and barley straw treatments and the control (P < 
0.001). Time affected dissolved oxygen (P = 0.02). Dis-
𝑥𝑥 − 𝑥𝑥#
$
𝑥𝑥 + 𝑥𝑥#
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∗ 100 
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Fig. 2. Dissolved oxygen concentrations (mg/L) in ponds treated with rice straw, barley straw, and no treatment 
(control) during the fourteen-week study from 12 June 2018 to 17 September 2018. Samples for each treatment were 
averaged (n = 3). Error bars are standard error of the mean.
solved oxygen concentration in the barley straw treat-
ment (4.26 ± 0.65 mg/L average ± standard deviation) was 
different than dissolved oxygen in both the rice straw treat-
ment (5.44 ± 0.73 mg/L average ± standard deviation) and 
the control (5.47 ± 0.76 mg/L average ± standard devia-
tion). Dissolved oxygen concentration in week 1 (12 June 
2018) differed from weeks 4, 5, 7, and 8. Dissolved oxygen 
concentration in week 2 (18 June 2018) differed from weeks 
4, 5, and 8, and week 4 differed from weeks 11, 12, and 13.
Lower dissolved oxygen concentration in the barley 
straw treatment could decrease the decomposition rate 
of barley straw in ponds. Although the average dissolved 
oxygen concentrations varied during the study, the aver-
age concentrations remained above 3.6 mg/L, which is suf-
ficient for aerobic decomposition to occur (Cech, 2010). 
The differences in dissolved oxygen over time could be 
caused by the changes in water temperatures as the sum-
mer progressed. There could have been temporal or spatial 
locations in at least some of the ponds in which low oxy-
gen concentrations were limiting to the efficacy of straw 
decomposition to control algal growth.
Initial chlorophyll-a concentrations ranged from 18.8 
µg/L in pond B1 to 457 µg/L in pond R2. Within the rice 
treatment, the initial range of concentrations was 436 
µg/L. Ponds treated with barley had an initial range of 255 
µg/L, and control ponds had an initial concentration range 
of 108 µg/L across the three ponds. The relative percent 
differences in chlorophyll-a concentrations from week 1 
fluctuated through time in all treatments (Fig. 3).
In week 14, the final sample date, both treatments and 
the control had negative relative percent differences from 
the week 1 concentration, meaning that there was less algal 
biomass in week 14 than week 1 in both treatments and 
the control. In the rice treatment, the relative percent dif-
ference ranged from -90.1% to 69.8%. In the barley straw 
treatment, the relative percent differences ranged from 
-119% to 23.7%. In the control group, the relative percent 
differences raged from -127% to 80.2%. The relative per-
cent difference in chlorophyll-a from week 1 of sample col-
lection did not differ statistically between the straw treat-
ments or between the treatments and the control (P = 
0.85, Table 2). During the 14-week study, there were seven 
weeks when relative percent differences in all treatments 
were negative, meaning average chl-a concentrations were 
less than week 1, two weeks when the rice straw group was 
positive, meaning average chl-a showed growth compared 
to week 1, three weeks when the barley straw group was 
positive, and four weeks when the control group was posi-
tive. Thus, there was no indication of consistent control of 
algal biomass in either straw treatment, nor was there any 
consistent trend with algal biomass growth throughout the 
14-week experiment (P = 0.69, Table 2). 
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The variability in chlorophyll-a among ponds within 
the same treatment could have been caused by environ-
mental factors, such as pond sediment composition, the 
type and proximity of livestock to the ponds (Table 1), or 
the flow rate of water within the ponds, factors that were 
not quantified in this study. For example, pond R2 was 
spring-fed and feeds into an ephemeral stream. Relative 
percent difference in chlorophyll-a concentration was neg-
ative in all weeks after week 2, indicating algal inhibition 
throughout the study in pond R2 containing rice straw 
despite ducks, geese, and cattle having direct access to the 
pond (Table 1). The movement of water flowing across the 
pond may have circulated inhibitory chemicals from the 
decomposing straw throughout the pond. Abou El Ella et 
al. (2007) controlled algal growth with cereal straw in the 
Suez Canal, where wave and wind action caused consistent 
mixing of the water. However, other studies have shown 
that cereal straw is effective in lentic pond systems as well 
(Islami and Filizadeh, 2011). Therefore, the efficacy of ce-
real straw to inhibit algal growth was not expected to be 
dependent on circulation of water; however, diffusion of 
inhibitory compounds within farm ponds may be a con-
sideration that requires further investigation. 
There was no difference in chlorophyll-a concentra-
tions with distance from the straw bags as measured at 0, 
3, and 6 m in pond B2 on week 14 (17 September 2018) (P 
= 0.49). Average chlorophyll-a concentrations were 41.98 
± 10.76, 41.86 ± 15.63, 52.78 ± 9.30 µg/L (average ± stan-
dard deviation) at 0, 3, and 6 m distance from straw bags, 
respectively. Lack of difference among chlorophyll-a con-
centrations at different distances from straw bags indicates 
that diffusion of chemicals dissipating away from the de-
composing straw source was not the limiting factor to the 
efficacy of straw as an algal growth inhibitor in the pond 
environment.
Water temperature was measured as a factor that could 
influence decomposition, the algal community, and dis-
solved oxygen concentrations. Both the treatment (P = 
0.01, Table 2) and time (P < 0.001) affected water tempera-
ture (Fig. 4). There was no difference among temperatures 
in the rice and barley treatments; however, both the rice 
and barley treatments differed from the control. Water 
temperature in week 2 (18 June 2018) differed significantly 
from water temperature in week 13. Water temperature in 
week 3 (7 July 2018) differed from weeks 7, 10, and 13, 
week 4 (16 July 2018) differed from weeks 7 and 13, and 
week 8 (6 August 2018) differed from water temperature 
in week 13, respectively. Water temperature in week 11 (27 
August 2018) differed from weeks 1, 5, 6, 7, 9, 10, and 13; 
week 12 (5 September 2018) differed from weeks 7, 9, 10, 
and 13; week 14 (17 September 2018) differed from water 
temperature in week 7, respectively. 
Fig. 3. Relative percent difference (RPD) from week 1 of chlorophyll-a concentrations (µg/L) in ponds treated with 
rice straw, barley straw, and no treatment (control) with weekly rainfall data in cm (USGS, 2018) during the 14-week 
study (12 June 2018 to 17 September 2018). Samples for each treatment were averaged (n = 3). Error bars depict 
standard error of the mean.
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Table 1. City name, Global Positioning System (GPS) coordinates, surface area, mass of straw 
added, and the surrounding land use of each pond in the study. Ponds R1, R2, and R3 were treated 
with rice straw. Ponds B1, B2, and B3 were treated with barley straw. Ponds C1, C2, and C3 were 
left untreated as a control. 
Pond 
ID City 
GPS 
Coordinates 
for each 
Pond 
Surface 
Area 
Straw 
Added Surrounding Land Use 
   m2 kg  
R1 Farmington, Ark. 36°01'49.6"N 
94°14'16.9"W 
230.8 5.770 Horse and donkey pasture 
  with access to pond 
Occasional cattle 
R2 Farmington, Ark. 36°03'12.2"N 
94°21'45.2"W 
670.7 16.768 Cattle pasture with 
  access to pond 
Domestic ducks and geese 
  nesting on pond bank 
R3 West Fork, Ark. 35°54'42.7"N 
94°07'22.5"W 
1514.9 37.870 Cattle pasture with 
  access to pond 
Occasional wild ducks 
  in pond 
B1 Farmington, Ark. 36°01'53.8"N 
94°14'17.5"W 
414.8 10.369 Horse and donkey pasture 
  with access to pond 
Occasional cattle 
B2 Lincoln, Ark. 35°56'19.1"N 
94°27'08.1"W 
286.5 70.911 Cattle pasture with 
  access to pond 
B3 West Fork, Ark. 35°54'45.0"N 
94°07'32.2"W 
1631.8 40.795 Cattle pasture with 
  access to pond 
C1 Farmington, Ark. 36°01'55.4"N 
94°14'11.4"W 
1436.6 0 Horse and donkey pasture 
  with access to pond 
C2 Elkins, Ark. 36°00'02.3"N 
94°00'53.3"W 
2251.4 0 Cattle pasture with 
  access to pond 
Ranging chickens 
C3 West Fork, Ark. 35°54'22.6"N 
94°07'35.8"W 
2302.7 0 Cattle pasture with 
  access to pond 
 
Table 2. Analysis of variance summary of the effects of straw treatment and time 
on properties measured in pond water. 
 P-value 
Dependent variable Straw treatment Time Straw treatment by time 
Chlorophyll-a 0.845 0.694 0.909 
Dissolved oxygen <0.001** 0.019* 0.997 
Temperature 0.009* <0.001** 0.998 
NO3–N <0.001** 0.976 0.998 
Phosphorus 0.024* 0.274 0.971 
pH 0.090 0.202 0.890 
Turbidity 0.081 0.466 0.660 
*P < 0.05; **P < 0.001. 
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Fig. 4. Temperature (°C) in ponds treated with rice straw, barley straw, and no treatment (control) during the 14-week 
study from 12 June 2018 to 17 September 2018. Samples for each treatment were averaged (n = 3). 
Error bars are standard error of the mean.
Fig. 5. Nitrate-nitrogen concentrations (mg/L) in ponds treated with rice straw, barley straw, and the control (no 
treatment) with weekly rainfall data in cm (USGS, 2018) during the 14-week study from 12 June 2018 to 17 
September 2018. Samples for each treatment were averaged (n = 3). Error bars are standard error of the mean.
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The greater temperature in the control ponds could 
have been due to surrounding land management or an 
artifact of the sampling procedure. Control ponds lacked 
tree cover on the banks. More direct sunlight would in-
crease water temperature. The last two ponds sampled 
each day were both in the control group, so the ponds had 
more time to warm throughout the day. Randomizing the 
order in which the ponds were sampled would have con-
trolled for the effect of time of day on water temperatures; 
however, sampling order was chosen using the most effi-
cient route between ponds to assure all samples could be 
collected on the same day.
Straw treatment significantly affected NO3–-N (P = 
0.0003) and dissolved phosphorus (P = 0.02) concentra-
tions, but concentrations did not differ across sampling 
times (P = 0.98 for NO3–-N and P = 0.27 dissolved P mea-
surements across time, respectively, Table 2). Ponds con-
taining rice straw had greater concentrations of NO3–-N 
than ponds containing barley straw or the control (Fig. 
5). Average NO3–-N concentrations in ponds containing 
barley straw and the control were 0.013 and 0.009 mg/L, 
respectively. Average NO3–-N concentration in rice straw-
treated ponds was 0.599 mg/L.  In the rice straw treatment, 
average dissolved phosphorus concentration was 0.097 
mg/L and did not differ from the control which averaged 
0.031 mg/L (Fig. 6). In the barley straw treatment, aver-
age phosphorus concentration was 0.123 mg/L, which was 
greater than the control.
Differences in NO3–-N concentrations among treat-
ments could have been due to the type and proximity of 
livestock to ponds. Cattle had access to all ponds (Table 1). 
Pond C2 had chickens roaming near the pond; although, 
the chicken house was downslope from the pond. Horses 
and donkeys were in fields adjacent to ponds R1, C1, and 
B1, but were never observed in the water on sampling dates. 
Pond R2 had domestic ducks and geese that nested on 
the bank of the pond, and pond R3 occasionally had wild 
ducks feeding in the pond. The waterfowl in ponds R2 and 
R3 might explain the greater concentration of NO3–-N  in 
the rice straw treatment. Low NO3–-N levels in the control 
and barley straw ponds could indicate that the conditions 
necessary for algal growth were not present. The ideal ni-
trate-to-phosphate ratio by mass for algal growth is ap-
proximately 10:1, and concentrations of individual nutrient 
requirements vary among algal species (Downing and Mc-
Cauley, 1992). During no week in either treatment or the 
control was NO3–-N concentration great enough to achieve 
the ideal 10:1 nitrate-to-phosphate ratio for algal growth. 
Nutrient availability may have contributed to the lack of 
statistical differences in chlorophyll-a concentrations.
Fig. 6. Dissolved phosphorus concentrations (mg/L) in ponds treated with rice straw, barley straw, and the control 
(no treatment) with weekly rainfall data in cm (USGS, 2018) during the 14-week study from 12 June 2018 to 17 
September 2018. Samples for each treatment were averaged (n = 3). Error bars are standard error of the mean.
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Conclusions
Due to the lack of differences in chlorophyll-a among 
the treatments and control, neither rice straw nor barley 
straw was effective at inhibiting algal growth in the farm 
ponds studied. Since there was no difference between 
the rice straw and barley straw treatments, it is unclear if 
rice straw is as effective as barley straw at inhibiting algal 
growth. Further research is needed to determine the ef-
ficacy of cereal grain straw as a reliable method of algal 
biomass control. 
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Increasing low-income residents’ access to fresh produce 
through a local mobile pantry
After grasping nutrition’s crucial role in overall health 
and well-being and learning of the disparity in nutrition 
knowledge and access that spans the globe and even my 
home state of Arkansas, I knew immediately that I wanted 
to use my education to minimize this gap. 
I wanted to directly impact the local food-insecure com-
munity. Networking through the Business College’s Social 
Innovation Hub, I met Margaret Thomas and Alyssa Snyder, 
cofounders of Seeds that Feed. They share my passion for 
food security and use their mobile food pantry to combat 
food insecurity in Northwest Arkansas. My research with 
them has allowed them to improve their service to NWA and 
further support the role of mobile pantries in reducing food 
insecurity. I shared my research findings at the Academy of 
Nutrition and Dietetics’ annual conventions (state and na-
tional levels) providing a model for others in the field to adopt. 
I had the opportunity to travel to Chile where I aided in 
pediatric nutrition care and to Mozambique where I assist-
ed in poverty and malnutrition relief efforts. I will complete 
a Dietetic Internship at the Vanderbilt University Medical 
Center after which I plan to become a Registered Dietitian.
I would like to thank Mechelle Bailey for her invest-
ment in my personal and professional development. I also 
thank Dr. Nalley for assisting me with statistics and data 
analysis and providing the opportunity to study abroad. I 
thank Dr. Hill for advising me in my academic pursuits and 
shaping me to be a professional in the field.
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Increasing low-income residents’ 
access to fresh produce 
through a local mobile pantry
Laura Elizabeth Wasson*, Lawton Lanier Nalley†, 
Mechelle L. Bailey§, and Laura L. Hill‡
Abstract
Seeds that Feed (STF) is a mobile food pantry located in Fayetteville, Arkansas. Seeds that Feed re-
ceives produce from local farmers to distribute to residents in low-income housing sites through-
out Northwest Arkansas. According to Feeding America, food insecurity affected 14.3% of Wash-
ington County, Arkansas’ population in 2016. The purpose of this study was to determine if STF’s 
model is an effective way to increase individuals’ access to fresh fruits and vegetables and increase 
their potential to meet the United States Department of Agriculture’s Food Patterns (USDA-FP) 
for fruit and vegetable consumption. Twenty-three participants from three sites completed the 
study. A survey was used to collect basic demographics and dietary patterns. A record was taken 
of what foods each participant received on the survey day including plans for preparation and 
to whom it would be served. The results indicated that the likelihood to meet the USDA-FP for 
overall fruit and vegetable intake increased significantly after receiving approximately one cup of 
fruit and 1.5 cups of vegetables from STF. A positive correlation was found between the number of 
times participants received produce from STF and participant’s total fruit intake and total intake 
of the “red/orange” and “other” vegetable subgroups. Therefore, STF’s model appears to be an ef-
fective method to increase access to fresh produce. Future research could utilize STF’s model to 
assess the potential for other supplemental nutrition programs to help low-income residents meet 
the USDA-FP and reduce food insecurity via mobile pantries.
* Laura Wasson is a 2019 honors program graduate with a major in Human Nutrition and Hospitality Innovation with 
 a concentration in Nutrition in the Department of Human Environmental Sciences and a minor in Spanish. 
† Lawton Lanier Nalley is a professor in the Department of Agricultural Economics and Agribusiness.
§ Mechelle Bailey, the faculty mentor, is a clinical instructor and Director of the Didactic Program in Dietetics 
 in the Department of Human Environmental Sciences.
‡ Laura Hill is an instructor in the Department of Human Environmental Sciences.
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Introduction
According to the United States’ largest domestic hunger- 
relief organization, Feeding America, 12.9% of Americans 
were food insecure in 2016 (Feeding America, 2018). Nun-
nery et al. (2018) defined food insecurity as “the condition 
of inconsistent or uncertain availability of safe and nutri-
tiously adequate food”. Food insecurity stems from a mul-
titude of factors including income, socio-economic status, 
race, access, and transportation. Income influences food 
purchases and thus, is an indicator for predicting dietary 
patterns (Tsang et al., 2011; Strome et al., 2016; Singleton 
et al., 2017). Low-income status is commonly associated 
with a diet greater in energy-dense, highly processed foods 
with little nutritive value (Dutko, et al., 2012; Strome, et al., 
2016; Nunnery et al., 2018). Multiple studies conclude that 
income is often the limiting factor preventing low-income 
status populations from purchasing enough fruits and 
vegetables to meet the Dietary Guidelines for Americans 
(DGA) set by the USDA (Zepeda et al., 2014; Nunnery et 
al., 2018, USDHHS and USDA, 2015).
The USDA divides vegetables into five subgroups based 
on their varying nutrient profiles; these subgroups are dark 
leafy greens, red and orange vegetables, other vegetables, 
starchy vegetables, and beans and legumes. Only about one- 
fourth of the population meets the USDA recommenda-
tions putting the nation at a deficit for both fruit and vege- 
table consumption. Regular consumption of fruits and 
vegetables that meet the recommendation set by the USDA 
largely influences the progression and prevention of chron-
ic illness; therefore, intervention programs that focus on 
providing consistent access to affordable, nutrient-dense 
produce is of utmost concern for the health of our nation 
(USDA, 2017; Strome et al., 2016; Nunnery et al., 2018). 
Improving access to fruits and vegetables is a primary 
factor for increasing consumption. Transportation also is 
often recognized as one of the largest barriers to accessing 
fresh produce (Dunn et al., 2011, Tsang et al., 2011). An 
individual may live within a few miles of a large grocery 
store, but not having a car limits the quantity one can pur-
chase in a single trip (Strome et al., 2016). Mobile pantries 
are proven to minimize the gap between residents and 
available produce. Multiple studies show that the use of a 
mobile pantry to distribute discounted produce to food in-
secure, low-income neighborhoods can increase residents’ 
consumption of fresh fruits and vegetables (Zepeda et al., 
2014; Hosler and Kammer, 2015). 
In this study, researchers observed the work of a mo-
bile pantry in Northwest Arkansas, Seeds that Feed (STF), 
in order to determine its effectiveness in increasing fruit 
and vegetable consumption among low-income residents 
in Northwest Arkansas. In Washington County Arkansas 
(the location of the current study), 14.3% of the popula-
tion was considered to be food insecure in 2016 (Feeding 
America, 2018). In 2016, three-quarters of residents in 
Washington County were eligible for food assistance pro-
grams based on income (Feeding America, 2018). Seeds 
That Feed identified multiple low-income housing sites 
across Northwest Arkansas to deliver fresh produce to its 
food-insecure residents. This study aimed to determine if 
STF’s mobile pantry was effective in increasing access to 
fresh produce for food-insecure residents in Northwest 
Arkansas. Related trends and barriers were also assessed. 
Materials and Methods
Upon receiving approval from the University of Arkan- 
sas’ Institutional Review Board (IRB), a survey was created 
through the software Qualtrics (Qualtrics LLC, Provo, 
Utah) and distributed to participants at three of STF’s mo-
bile pantry donation sites on three separate days. These sites 
included a senior citizen assisted-living apartment complex, 
a low-income family housing complex, and the Springda-
le, Arkansas Women, Infants and Children (WIC) clinic. 
Seeds That Feed receives its produce from farmers and 
some food stores in Northwest Arkansas who have agreed 
to donate a portion of their produce and other food items 
to the mobile pantry. Seeds that Feed then delivers these 
food items to partnering low-income housing complexes 
in Northwest Arkansas at no cost to its residents. The re-
searchers accompanied STF staff to distribution sites where 
participants were allowed to take as little or as much pro-
duce as they wanted. Participants were considered eligible 
for the study after collecting produce from STF and were 
recruited on a volunteer basis resulting in a convenience 
sample of 23 total participants. Researchers approached 
participants after they received their produce collection to 
explain the survey, request their participation, and receive 
their verbal consent before distributing the survey. 
Two of the observed sites had consistently received do-
nations from STF preceding this study. Because most of 
the participants from the first two locations, the senior 
citizen assisted-living apartment complex and the low-
income family housing, were returning customers, these 
participants were informed in advance that STF would be 
conducting a survey at the visit and that their participation 
was a way to “return the favor” to STF and help STF serve 
them better. However, it was made clear to all participants 
there were no penalties for not participating. The WIC 
clinic and its members had no prior relationship with STF 
leading up to this study. Participation was completely vol-
untary and thus, participants were able to exit the survey 
at any time without any consequences.
Data collected included a range of basic demographics 
information. Data collected also included a food frequency 
record, and how frequently returning customers received 
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produce from STF. Participants were also asked to indicate 
where they shopped for food, what barriers they faced when 
trying to access food, and what, if any, supplemental nutri-
tion program(s) they used. Lastly, participants were asked 
to specify what produce they received on that day from STF.
The survey was used to determine each participant’s av-
erage dietary intake in relation to the USDA-FP for their re-
spective age and gender. These data revealed participants’ 
average dietary intake of fruits, vegetables, and vegetable 
subgroups as well as the potential increase in their dietary 
intake of fruits, vegetables, and vegetable subgroups after 
receiving the produce from STF. 
Each participant’s answers to the food frequency record 
were recorded and standardized as a one-cup serving size 
for fruit and vegetable subgroups. Servings were standard-
ized to one cup in order to correlate with the measure-
ments utilized by the USDA-FP for fruit and vegetable 
servings. Participants’ answers to the food frequency re-
cord portion of the survey were compared to the USDA-
FP to determine if their average weekly fruit and vegetable 
intake met or fell below the USDA-FP before receiving 
a donation from STF according to their age and gender 
(USDA, 2017). When determining whether individual 
participants met the USDA-FP, gender and age were taken 
into account. Participants also recorded the foods they re-
ceived, how they intended to prepare them, and the num-
ber of children and adults to whom they would be served. 
These responses were then analyzed and factored into par-
ticipants’ answers from the food frequency record. These 
data were used to determine if each participant’s potential 
to meet the USDA-FP increased after receiving a donation 
from STF and to what degree. These outcomes and corre-
lations were determined using Microsoft Excel. 
Results and Discussion
The goals of this study were to collect data related to 
participants’ diet and barriers in accessing fresh produce 
so that STF and other mobile pantries may expand upon 
their services to reduce food insecurity. Specifically, the 
study aimed to determine if there was a correlation between 
demographics and the amount of fresh produce consumed 
by STF participants. Further, the study wanted to determine 
if STF’s mobile pantry was effective in increasing access 
to fresh produce for food-insecure residents in North-
west Arkansas. Lastly, the study set out to determine if the 
number of times a participant has received donations from 
STF positively correlated with their consumption of fresh 
produce. The results from this study can be used by STF, 
other mobile food pantries, policymakers and advocates 
to better understand the impacts that mobile food pantries 
can have on increasing fruit and vegetable consumption. 
According to participants’ self-reported answers to the 
food frequency record, none of the USDA-FP of the fruit 
and vegetable groups represented in the study were met 
by all of the participants (Table 1). In other words, at least 
one—and in most cases more than one—participant fell 
short of the USDA-FP for every fruit and vegetable group 
represented in the study. Twenty-one of the 23 (91%) par-
ticipants did not meet the USDA-FP for one or more of 
the fruit and vegetable groups represented in this study. In 
fact, on average, participants did not meet the USDA-FP 
for three of the seven fruit and vegetable groups, and at the 
low-income family housing location, the average was four 
out of seven fruit and vegetable groups unmet. 
Participants received approximately 1 cup of fruit to-
tal and 1.5 cups of vegetables total from STF. From these 
Table 1. Percentage of participants who met the United States Department of Agriculture Food Patterns 
(USDA-FP) for overall fruit, overall vegetable, and vegetable subgroup intake before receiving a donation 
from Seeds That Feed (STF) compared with the percentage of participants who had the potential to meet 
the USDA-FP after receiving a donation from STF. 
 Vegetable subgroups 
Timing & 
change in  
consumption 
Total 
vegetable 
Total 
fruit 
Leafy green 
vegetables 
Other 
vegetables 
Red/orange 
vegetables 
Starchy 
vegetables 
Beans and 
legumes 
 -----------------Percent (%) of participants meeting USDA-FP consumption goal------------------ 
Before 49 57 91 61 22 30 70 
After 57 61 91 74 22 - - 
Increase 8 4 No change 13 No change NAa NAa 
a NA indicates that this vegetable group was not donated by STF during the study. 
 
84   DISCOVERY   •   Vol. 20, Fall 2019
amounts alone, the participants’ potential to meet the 
USDA-FP for total fruit, total vegetable, leafy green veg-
etables, other vegetables, red/orange vegetables increased 
by 10%, 9%, 66%, 38%, and 21%, respectively (Table 2). 
Vegetables from the subgroups starchy vegetables and 
beans and legumes were not donated during this study; 
therefore, no data could be gathered regarding either of 
those vegetable subgroups. This means that after receiv-
ing approximately one cup of fruit and/or approximately 
1.5 cups of vegetables, participants’ potential to meet the 
USDA-FP increased on average by 9% for total fruit and 
10% for total vegetables. Likewise, for each participant 
who received approximately one cup of vegetables from 
the vegetable subgroups leafy greens, other vegetables, and 
red/orange vegetables experienced a 66%, 38%, and 21% 
increase, respectively, in their potential to meet the USDA-
FP. This information was gathered by comparing individu-
als’ responses to the food frequency record with each food 
item they received and the amount that they indicated they 
would eat themselves. 
Before receiving a donation from STF during the study 
period, the percentage of participants who met the USDA-
FP for total vegetable, total fruit, leafy green vegetables, 
other vegetables, red-orange vegetables, starchy vegetables, 
and beans and legumes was calculated at 49%, 57%, 91%, 
61%, 22%, 30%, and 70%, respectively (Table 1). After re-
ceiving a donation, the percentage of participants who had 
the potential to meet the USDA-FP for total vegetables, 
total fruit, and other vegetables increased by 8%, 4%, and 
13%, respectively. Consequently, 57%, 61%, and 74% of 
participants had the potential to meet the USDA-FP for to-
tal vegetable, total fruit, and other vegetables, respectively 
after receiving a donation from STF (Table 1). There was 
no percentage change for leafy green vegetables or red/or-
ange vegetables, as donations were not large enough to lift 
participants to meeting nutrition targets set by the USDA. 
Nonetheless, the potential to meet the targets did increase 
as shown in Table 2.
Nine participants (39% of total) received a donation(s) 
from STF prior to the study. Two participants had received 
over 24 donations, three participants had received 6 to 8 
donations, and four participants had received 1 to 4 do-
nations (Table 3). The categories of total fruit and other 
vegetables appeared positively correlated with the number 
of times participants had received a donation from STF. 
Those who received more donations from STF were more 
likely to have met the USDA-FP for total fruit and other 
vegetable intake (Table 3). Due to the small number of 
participants represented in this study, more research is re-
quired to determine the validity of this conclusion.
Table 2. Average percentage increase in participants’ potential to meet the United States Department 
of Agriculture Food Patterns for each fruit and vegetable group after  
receiving a donation from Seeds That Feed. 
 Vegetable subgroups 
Percentage 
Total 
vegetable 
Total 
fruit 
Leafy 
green 
vegetables 
Other 
vegetables 
Red/orange 
vegetables 
Starchy 
vegetables 
Beans and 
legumes 
Average 
increase in 
potential to 
meet the 
USDA-FP 
10% 9% 66% 38% 21% NAa NAa 
a NA indicates that this vegetable group was not donated by Seeds That Feed during the study. 
 
Table 3. Relationship between the number of times participants received a donation from Seed That Feed (STF) and 
if they met the United States Department of Agriculture Food Patterns (USDA-FP). 
   Vegetable subgroups 
# of times 
participants 
received 
donations 
from STF 
Number of 
participants 
Total 
vegetables 
Total 
fruit 
Leafy 
green 
vegetables 
Other 
vegetables 
Red/ 
orange 
vegetables 
Starchy 
vegetables 
Beans 
and 
legumes 
  ---------------Percent (%) of participants meeting USDA-FP consumption goal--------------- 
>24 2 50 50 100 100 50 0 0 
6-8 3 0 33 100 67 0 67 33 
1-4 4 50 25 100 50 25 0 50 
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Conclusions
This study found that mobile food pantries, even small 
ones like STF, can have substantial impacts on fruit and 
vegetable intake among the low-income community. Sup-
plemental nutrition programs that prioritize distributing 
fresh produce to food-insecure families and individuals via 
mobile pantry have the potential to increase the low-income 
population's ability to obtain the USDA-FP recommenda- 
tions for several fruit and vegetable categories. Even in 
seemingly affluent areas like Washington County, Arkan-
sas, food insecurity is abundant. This study showed that 
mobile food pantries are part of a larger solution to help 
the most vulnerable increase food security while simulta-
neously providing healthy foods to increase holistic well-
being. While mobile food pantries like STF are not the 
solution to hunger and malnourishment alone, this study 
shows that they can play an important role in assisting in 
lowering food insecurity and ensuring that underserved 
communities can achieve a nutritious diet by making pro-
duce more affordable and accessible. 
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Determination of optimum harvest date for 
winter malting quality barley in Northwest Arkansas
I am from White Hall, Arkansas and was homeschooled 
which allowed me to earn a technical certificate in Metal 
Inert Gas welding before coming to the University of Ar-
kansas in the fall of 2015. After my first semester as a Crop 
Science major, I added Animal Science as a second major, 
with the goal of one day owning a self-sustaining farm. My 
interest in small grains was sparked after helping Dr. Ma-
son and the wheat breeding program with harvest in 2017. 
And the next year I was not only helping with harvest but 
harvesting my own research plots. While at the university, I 
had the opportunity to study abroad in India to learn about 
their views on GMOs and their agriculture research sys-
tem. I also served as an officer in the Crop, Soil, and Envi-
ronmental Sciences Club, before I graduated cum laude in 
May 2019 with majors in Crop Science and Animal Science 
and a minor in Agricultural Business.
I am thankful for the help of Dr. Mason and the Univer-
sity of Arkansas Wheat Breeding Program for their help in 
guiding me through this project.
  After graduation, I am planning to take a year off be-
fore pursuing my JD and MBA, with the goal of working as 
an administrative law judge on the many policy issues that 
the agriculture sector will face.
Meet the Student-Author
Paul Wolf
• Barley is a grain that can be grown across 
much of the world, but its growth is not 
tracked in Arkansas. 
• The preference of barley for malting makes it a 
potentially profitable grain for Arkansas.
• Barley is able to meet the germination 
requirements for malt quality when grown in 
Arkansas.
Paul collecting barley heading date data in May 2017 
at the University of Arkansas System Division of 
Agriculture's Agricultural Experiment Station.
Research at a Glance
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Determination of optimum harvest 
date for winter malting quality 
barley in Northwest Arkansas
Paul D. Wolf*, David Moon†, and Richard Esten Mason§
Abstract
Due to the strict quality requirements, only 10% of worldwide barley is used for malting. As such, 
malting quality barley comes with a price increase of up to 50% or greater. With the craft brewery 
industry growing in Northwest Arkansas there is a growing demand for locally sourced malt qual-
ity barley. However, data are lacking regarding production practices for barley in Arkansas. The 
optimal harvest date for malting quality barley is at physiological maturity. This is because many 
of the malting traits (such as germination energy) decline as the harvest is delayed, which makes it 
difficult to meet the criteria for malting quality if the barley is left in the field. The purpose of this 
study was to evaluate the effects of harvest date on the malting quality of barley grown in North-
west Arkansas, specifically, the effect of harvest date on barley seed quality characteristics that im-
pact malting and the interaction of harvest date and cultivar. Harvest date, cultivar, and in many 
cases the interaction of harvest date and cultivar were significant for grain yield, test weight, water 
sensitivity, germination energy, and germination capacity. There was no significant variation be-
tween cultivars for protein content. In general, all malting quality traits decreased with delayed 
harvest and the decrease at 21 days after physiological maturity was statistically significant. Of the 
cultivars tested, Thoroughbred was closest to meeting the criteria for malting quality, having the 
greatest grain yield, while maintaining germination energy and capacity into a later harvest date.
* Paul Wolf is a 2019 honors program graduate with a double major in Crop Science and Animal Science.
† David Moon is a Program Associate II in the Department of Crop, Soil, and Environmental Sciences. 
§ Richard Esten Mason, the faculty mentor, is a professor in the Department of Crop, Soil, and Environmental Sciences.
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Introduction
Barley is number four in terms of area cultivated in 
cereal grains in the world at 49.24 million hectares (US-
DA-FAS, 2019). The major uses of the barley grown is for 
malting and as a feed source (Jacobs, 2016). Due to the 
strict quality requirements, approximately 10% of world-
wide barley is used for malting, though malting quality 
barley comes with a price increase of up to 50% or great-
er. In the United States, 25% of the barley grown is used 
for malting (Davison et al., 2007). In 2017, 1,004,025 ha 
of winter and spring barley were planted in the United 
States, and 790,756 ha were harvested (USDA-FSA, 2018). 
No barley production for Arkansas was reported to the 
Farm Service Agency for 2017 (USDA-FSA, 2018).
With the craft brewery industry growing in Arkan-
sas, particularly in the Northwest area of the state where 
over half of the state’s microbreweries reside, there is a 
growing demand for locally sourced malt quality barley 
(Brewers Assocation, 2018). However, data are lacking 
regarding production practices for barley in Arkansas. 
The University of Arkansas System Division of Agricul-
ture's Agricultural Extension Service offers handbooks 
and guides for the cereal grains wheat, rice, and oats but 
data for barley are not present (Cooperative Extension 
Service, 2019). With winter wheat production declining 
in Arkansas, malt quality barley could serve as an alter-
native winter small grain for Arkansas producers (US-
DA-NASS, 2019). 
While many different malting grains are available, 
barley is considered the best for malting, and thus there is 
potential for barley to be an economically successful crop 
for Northwest Arkansas. The malting process consists of 
steeping, germination, and kilning. When looking at ker-
nel characteristics for malting, germination rate is one of 
the most important as it leads to protein and carbohy-
drate hydrolysis during malting that also occurs during 
early growth (Muñoz-Amatriaín et al., 2010; American 
Malting Barley Association, 2017). When analyzing malt 
quality, malt factors such as total protein, malt modifica-
tion, congress wort, and malt enzyme levels are all im-
portant (American Malting Barley Association, 2017).   
There are currently no recommendations for barley 
production in Arkansas. The purpose of this study was 
to determine how harvest date affects the malting quality 
of barley in Northwest Arkansas. Specifically, we deter-
mined the effect of harvest date on barley seed quality 
characteristics that impact malting and the interaction 
of harvest date and cultivar. This study provided prelimi-
nary data to formulate a recommendation for harvest 
date in Northwest Arkansas, to suggest variety recom-
mendations, and to aid in future studies on barley in the 
area.
Materials and Methods
Barley Cultivars and Experimental Design
Five winter malting quality barley cultivars were used 
for this study including Charles, Endeavor, McGregor, 
Thoroughbred, and Wintmalt. Of these cultivars, Charles, 
Endeavor, and Wintmalt are 2-row varieties; McGregor 
and Thoroughbred are 6-row varieties. The use of both 2- 
and 6-row varieties was important to evaluate if genetics 
impacted traits more than the environment. The location 
in which each cultivar was developed is also important 
as varieties are bred to perform well in different growing 
environments and hence affect adaptation to Northwest 
Arkansas conditions. Charles and Endeavor were devel-
oped in Idaho, McGregor was developed in Wisconsin, 
Thoroughbred in Virginia, and Wintmalt in Europe but 
adapted to Washington (French, 2012; Obert et al., 2009; 
Virginia Polytechnic Institute and State University, 2013; 
Windes and Obert, 2009).
The barley cultivars were drill-seeded in four-row plots 
at a rate of 250 seed/m2 in a randomized complete block 
design with eight replications on 21 October 2017. Plot 
dimensions were 1.5 m wide and 1.22 m. Plots were man-
aged using recommended cultural practices for wheat pro-
duction because there are no current recommendations 
for barley in Arkansas. Nitrogen fertilizer in the form of 
urea was applied twice during the study. The first applica-
tion was 67.25 kg/ha (27 February 2018) and the second 
was 33.63 kg/ha (21 March 2018).
 
Trait Measurement
During the season, heading date was recorded on each 
plot as the day when 50% of the developing barley heads 
fully emerged from the leaf sheath. A single row from each 
replication was harvested on four different dates, with the 
first date beginning at physiological maturity on 1 June 
2018 (HD1). Subsequent harvest dates occurred on 8 June 
(HD2), 15 June (HD3), and 23 June  2018 (HD4). After 
harvest, samples were oven-dried to a constant moisture 
of 7.5% and subsequently stored to maintain 7.5% mois-
ture until processing.
In the Fall of 2018 and Spring of 2019, the tests to de-
termine grain yield, test weight, germination capacity, 
germination energy, and water sensitivity were performed 
at the University of Arkansas System Division of Agricul-
ture's wheat breeding program lab located on the Arkansas 
Agricultural Research and Extension Center, Fayetteville, 
Arkansas. Protein analysis was outsourced to the USDA 
Agricultural Research Service–Cereal Crop Research Unit.
Grain yield was measured by weighing the grain har-
vested from each plot after cleaning. Measurements were 
taken by weighing the seeds and envelopes used to store 
the grain after taking an empty 8-ounce spear envelope. 
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Test weights were measured by taring a 6000-g scale to 
the weight of a ¼ cup measuring cup. The ¼ cup mea-
suring cup was then overfilled; a straight edge was run 
across the top of the measuring cup to ensure the seeds 
were level with the top edge of the measuring cup. The 
filled ¼ cup measuring cup was weighed and the weight 
recorded in grams per ¼ cup. Weights were converted us-
ing the following formula [((weight in g) × 1690.7) / 1000 
= test weight in kilograms per hectoliter] resulting in the 
reported test weight. 
Germination compacity, germination energy, and water 
sensitivity were measured simultaneously using methods 
adapted from the Simultaneous Determination of Germi-
nation Energy, Water Sensitivity, and Germination Capac- 
ity in Barley (Kuester et al., 1997). Four Petri dishes were 
filled with 2 pieces of filter paper each for every sample to 
be tested. Next, the dishes were labeled A through D for 
each sample and 100 seeds for each sample were added 
to each Petri dish. Four milliliters of distilled water was 
added to each of the dishes labeled A and B, and 8 mL 
was added to the dishes labeled C and D. The Petri dishes 
were then stacked and placed at room temperature in 
plastic boxes to prevent excessive evaporation of water 
out of the dishes. Each of the dishes was inspected as 
close to every 24 hours as possible. When being checked 
the chitted seeds (seeds with the radical extruding) were 
considered to be germinated and removed to prevent 
them from continuing to imbibe water. After 72 hours 
of germination, the total number of seeds germinated for 
dishes A and B of each sample were averaged resulting in 
the germination energy for the sample. The water sensi-
tivity was calculated by averaging the seeds germinated 
in dishes C and D and subtracting it from the average of 
A and B, with the resulting formula
Following the 72 hours of incubation, all germinated 
seeds were removed and 2 mL of 0.75% H2O2 were added 
to each of the dishes A and B with seeds remaining. They 
were then left to incubate for another 48 hours after which 
the seeds germinated for each dish were counted and the 
average was taken and reported as germination capacity.  
Statistical Analysis
The descriptive statistics mean, median, and standard 
deviation were calculated in Microsoft Excel. An analysis 
of variance (ANOVA) was performed in SAS 9.4 with the 
factors cultivar, harvest date, and the interaction of cul-
tivar and harvest date treated as fixed effects and replica-
tion as a random effect (Table 1). Means were separated 
using  Fisher’s least significant difference test at α = 0.05.
Results and Discussion
Analysis of Variance
The effects of cultivar and harvest date were signifi-
cant for grain yield, test weight, water sensitivity, germi-
nation energy, and germination capacity. There was no 
significant variation between cultivars for protein con- 
tent, which ranged from 16.17% to 12.34% on a dry basis. 
There was an interaction between cultivar and harvest 
date for water sensitivity, germination energy, and ger-
mination capacity.
Barley Grain Yield
Grain yield is important to malting quality barley as 
greater grain yields result in greater malt being produced 
from the harvested area. There was a difference in grain 
yield due to harvest date with HD1 (physiological ma-
turity) at 132 g/plot, greater than all other harvest dates. 
There was no significant difference observed between 
harvest dates HD2, HD3, and HD4, which yielded 102, 
96, and 106 g, respectively.
Grain yield was also affected by cultivar, with Thor-
oughbred being the greatest yielding at 185 g and dif-
ferent from all other cultivars. The grain yield of Thor-
oughbred was nearly double that of Endeavor (96 g), 
McGregor (95 g), and Wintmalt (95 g). The grain yield 
of Endeavor, McGregor, and Wintmalt was not different. 
Charles was lower yielding at 71.97 g (Fig. 1).
Germination Energy
Germination is important to the malting process, so a 
greater germination energy (GE) is better for achieving a 
superior malting quality. The expectation is that GE is at 
98% or greater for malting quality barley (American Malt- 
Table 1. Analysis of variance (P-values) for malting traits in five barley cultivars 
(Charles, Endeavor, McGregor, Thoroughbred, and Wintmalt). 
Malting traits Water sensitivity Germination energy Germination capacity Protein 
Cultivar <0.0001 <0.0001 <0.0001 0.0567 
Harvest date (HD) <0.0001 <0.0001 <0.0001 0.2512 
Cultivar x HD <0.0001 <0.0001 <0.0001 0.8503 
Replication 0.0585 0.5801 0.696 0.0188 
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Fig. 2. Effect of cultivar by harvest date interaction on germination energy for five barley cultivars: Charles, 
Endeavor, McGregor, Thoroughbred, and Wintmalt. Means were separated using Fisher’s least significant 
difference test at α = 0.05. Numbers in parentheses indicate whether the cultivar is a 2- or 6-row type barley. 
HD1 = Physiological Maturity; HD2 = 1 week after Physiological Maturity; HD3 = 2 weeks after Physiological 
Maturity; HD4 = 3 weeks after Physiological Maturity.
Fig. 1. Effect of cultivar on barley grain yield for cultivars Charles, Endeavor, McGregor, Thoroughbred, 
and Wintmalt. Means were separated using Fisher’s least significant difference test at α = 0.05. Numbers in 
parentheses indicate whether the cultivar is a 2- or 6-row type barley.
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ing Barley Association, Inc., 2019). Germination energy 
was affected by harvest date, cultivar, and the interaction 
of cultivar and harvest date. While HD1, HD2, and HD3 
were the same, HD4 was 6% lower in germination capacity. 
The differences in germination energy between cul-
tivar and harvest date showed that the 6-row cultivars 
(McGregor and Thoroughbred) stayed relatively consis-
tent across all harvest dates, with McGregor dropping 
1.8% and Thoroughbred dropping 1.3% between HD1 
and HD4. Germination energy for the 2-row cultivars 
(Charles, Endeavor, and Wintmalt) was reduced by 
greater than 5% between HD3 and HD4. Before that, the 
germination energy of Endeavor and Wintmalt dropped 
2.3% and 1.3%, respectively, between HD1 and HD3. 
However, Charles held steady at approximately 99% 
through the first three harvest dates and dropping on the 
HD4 (Fig. 2).
 
Germination Capacity
The measure of the number of seeds that germinated 
after exposure to 0.75% H2O2 quantified germination ca-
pacity. This capacity reflects the ability to germinate in 
non-optimal conditions. Therefore, greater germination 
capacity is desired for malting quality barley. Overall, the 
trend for germination capacity was similar to germina-
tion energy across harvest dates, cultivars, and cultivar by 
harvest date (data not shown).
Water Sensitivity
Water sensitivity (germination in 4 mL of water com-
pared to germination in 8 mL water) differed between 
harvest date, cultivar, and cultivar by harvest date. Har-
vest date 1 showed the least sensitivity to water, at less 
than 1%, and HD4 is the most sensitive at 9%. Harvest 
date 2 and HD3 were not different (Fig. 3). The 6-row 
varieties, McGregor and Thoroughbred, were lower in 
water sensitivity than the 2-row varieties making them 
more desirable for malting (Fig. 3).
Except for Endeavor, all cultivars were at or below 1% 
water sensitivity for HD1. For HD2, Charles and Mc-
Gregor were both near 2% with Charles being 2.4% and 
McGregor being 1.9%. Water sensitivity for Thorough-
bred, Endeavor, and Wintmalt also increased for HD2 
with Thoroughbred increasing to almost 4%, Endeavor to 
4.5%, and Wintmalt to 8%. However, HD3 was different 
with Thoroughbred staying near 4%, and the 4 other va-
rieties increasing. Charles increased to 5% from 2%, En-
deavor to 6.5% from 5%, McGregor to 3% from 2%, and 
Wintmalt to over 10% from 8%. Harvest date 4 had the 
greatest sensitivity for 4 of the 5 cultivars. The sensitiv-
ity for Charles and Endeavor increased by more than 8%. 
McGregor increased to 4% and Thoroughbred recorded 
its greatest water sensitivity at 4%. Wintmalt was the only 
cultivar for which the sensitivity decreased for the 4th 
harvest date dropping from 10% to 7.5% (Fig. 3).
Fig. 3. Effect of cultivar by harvest date interaction on water sensitivity for five barley cultivars with harvest date 
averages: Charles, Endeavor, McGregor, Thoroughbred, and Wintmalt. Means were separated using Fisher’s least 
significant difference test at α = 0.05. Numbers in parentheses indicate whether the cultivar is a 2- or 6-row type 
barley. HD1 = Physiological Maturity; HD2 = 1 week after Physiological Maturity; HD3 = 2 weeks after Physiological 
Maturity; HD4 = 3 weeks after Physiological Maturity.
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Conclusions
The optimal harvest date was at physiological ma-
turity for malting quality barley. Many of the malting 
traits (such as germination energy) declined as harvest 
was delayed. It is possible to minimize the losses to the 
malting traits if harvest is completed within 14 (HD1 to 
HD3) days of maturity but by 21 days after maturity, it 
is unlikely to meet the criteria for malting quality barley. 
Of the cultivars tested, the 6-row cultivar, Thoroughbred, 
performed better than other cultivars. It has the greatest 
grain yield and thousand kernel weight, also it performed 
the most consistently across the malting traits maintain-
ing malting quality germination energy and capacity into 
HD4. Thoroughbred became more sensitive to water by 
HD4, so harvesting early is still recommended. Of the 
2-row cultivars, Wintmalt performed consistently but was 
more prone to reduced performance as harvest was de-
layed. McGregor had slightly lower yield but better perfor- 
mance in the malting traits than Wintmalt. For malting 
quality barley, the recommended cultivars are Thorough-
bred and McGregor followed by Wintmalt for the traits 
evaluated in this study. While Thoroughbred came the 
closest to meeting the criteria for malting quality, all the 
cultivars tested failed to meet the requirement for malt-
ing quality with protein: Charles and Wintmalt having 
protein contents of 15%, and McGregor, Thoroughbred, 
and Endeavor having 14%, all higher than the 13.5% 
maximum. Further studies to evaluate additional culti-
vars with genetically lower protein in combination with 
cultural practices that limit grain protein content, while 
not sacrificing grain yield, will be important for the pro-
duction of profitable malting quality barley in the state. 
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Call for Papers
Deadline: May 4, 2020
Share your research results in a citable publication.
Learn how to write up and publish results of a  
research project.
Enhance the value of your bachelor’s degree.
Develop skills needed to succeed in graduate school.
Submissions invited from:
• Degree-seeking undergraduate students with a major or minor within Bumpers College who are 
conducting research in cooperation with a faculty mentor at the University of Arkansas. Students who 
have received a Bumpers College Undergraduate Research Grant are expected to submit a paper based on 
their project.
To submit:
• Refer to the Instructions for Authors printed in this issue and posted on the website (see web address 
below).
• Submit via Scholarworks@UARK Discovery website. 
For more information: 
• Contact Gail Halleck, Discovery Managing Editor, Division of Agriculture Communications, 
110 Agriculture Building, University of Arkansas, Fayetteville, AR 72701, 479-575-5670 or  
ghalleck@uark.edu
Discovery is available online at https://scholarworks.uark.edu/discoverymag/
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Instructions for Authors
Authors, read closely and follow precisely:
Aim and Scope
Discovery is an avenue for Bumpers College to highlight and publish original research and independent creative 
projects conducted by Bumpers students in cooperation with a faculty mentor, or in other words Discovery is 
mainly an avenue to publish the Honors and research projects of students (or student teams) who undertake 
original, creative, and innovative independent research. Expectations are that the student(s) has gone above 
and beyond the requirements of literature reviews and is generating a new contribution to the field/discipline. 
Eligibility
Submissions are invited from degree-seeking undergraduate students (or within one year post graduation) 
with a major or minor within Bumpers College who are conducting research in cooperation with a faculty men-
tor at the University of Arkansas. You DO NOT have to be an honors student to submit. However, students 
who have received a Bumpers College Undergraduate Research and Creative Project Grant are expected 
to submit a paper based on their project. This must NOT be your unedited honors thesis. The paper must be 
revised according to Discovery guidelines.
Articles submitted for publication in Discovery may not be submitted for publication in other university or 
college publications (with the exception of some departmental publications). Authors should decide on their 
preferred university/college publication and then submit to that publication only. If a manuscript is turned 
down from another university/college publication, then it can be considered for Discovery, but it may have to 
roll into the next year’s issue.
Style Guidelines
Discovery uses Scientific Style and Format: The Council of Science Editors Manual for Authors, Editors, and 
Publishers as its style manual. Refer to the latest available edition of the CSE manual for any questions not covered 
in these guidelines. For research in disciplines where professional journals use style guides that differ signifi-
cantly from the CSE, please consult the Discovery managing editor for guidance. It is also very helpful to look at 
previously published articles for guidelines when preparing your papers for Discovery.
View archived issues at 
https://scholarworks.uark.edu/discoverymag/all_issues.html
Writing style should be consistent with professional journals in the student’s discipline. However, articles 
will be reviewed and read by people with varied backgrounds. Therefore, authors should avoid scientific 
jargon and should use a style and vocabulary that can be understood by any educated reader. Define all ab-
breviations upon first use.
Format
• For honors students, please do not turn in an unedited honors thesis. Work with 
your advisor to meet Discovery requirements, which likely includes shortening 
total length, revising materials and methods, reducing the number of figures and 
tables, etc.
• Articles should be formatted in Word, 12-point text, double-spaced, in a single 
column, with pages numbered, and continuous line numbering turned on so that 
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Parts of the Manuscript
The title page should include the following:
• a concise, descriptive title
• authors’ first names, middle initials (if any), and last names (faculty sponsor should be 
listed as a coauthor)
• an abstract
• a footnote identifying each author by classification and major for students; rank 
and department for faculty and staff; and identify faculty sponsor or mentor.
reviewers can easily refer to comments. Length should be limited to about 2000 
words, but no minimum or maximum length is required.
• PLEASE put TABLES and FIGURES one to a page at the end of the document. 
DO NOT embed them in the text. They will also need to be loaded separately as 
supplemental files when you submit through ScholarWorks.
• There is no need to mimic the format of the finished journal. The Managing Editor 
will import your document into InDesign and format in two columns and place 
tables and figures, etc.
• Report measurements in metric and other standard scientific units. Units or 
symbols that are likely to be unfamiliar to a general readership should be defined.
• The journal is web-only so COLOR figures and tables are encouraged. Each figure 
must be submitted as a color 72 DPI resolution JPG or PNG file at a standard 
figure width of at least 5 inches (select “constrain proportions” and height will 
default proportionally). The final size of figures will be adjusted by the editor to 
fit the page layout. Make sure that all text labels within the figure and x- and 
y-axis labels will be readable at the final publication size. A minimum type size of 
8 points (after reduction) should be used. Make sure all text used in figures and 
tables is in black not gray (which is the new Microsoft default).
• Create tables using the Table function in Microsoft Word. Do not use tabs, 
spaces, and hard returns. This will result in the tables needing to be reformatted 
which allows the introduction of errors and could delay publication of your 
manuscript. Use a sans-serif 9 pt. font (e.g., Helvetica, Calibri) with title only in 
bold and centered above table (superscripts/subscripts in footnotes and table text 
in Helvetica 8 pt); look at prior Discovery journals for capitalization style, table 
width, and horizontal (0.05 width) rule styles. Please do not put vertical ruling 
lines in the tables.
 View helpful tips for creating tables at: 
https://aaes.uark.edu/files/2019/09/Table-guidelines.pdf
• Center figure captions below the figure in a 9 pt. sans-serif font such as Helvetica.
• Indicate footnotes for tables using sequential superscript lowercase letters (a, b, c, etc.). 
Place table footnotes below the last horizontal rule of the table. Footnotes used to 
clarify or annotate text should be placed at the bottom of the page in which the 
reference appears and indicated with sequential superscript numbers (1, 2, 3, etc.)
• Use a comma before the word and in a series: The U.S. flag is red, white, and blue.
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Meet the Student-Author(s) and Research at a Glance:
The Meet the Student-Author(s) section consists of a professional headshot (taken by Fred Miller) of 
student author(s) as well as a short biography (240 words; 1400 characters with spaces) that tells readers 
about student author(s): (high school attended, activities and awards while at the university, etc.). Please see 
past issues for examples. This is the place to thank professors and advisors. For Research at a Glance, we will 
need 3 brief bullet points (100 character maximum, not including spaces) that clearly and succinctly explain 
the main takeaways of the research (i.e., overall what was done, significance and implications of findings) 
for a broad-based,  non-technical audience. Please avoid using jargon and technical terms. We will need a 
photo of the student alongside these bullet points showing student-author(s) at work in the lab, field, travel-
ing abroad, presenting a poster, receiving an award, etc. These photos will be loaded as supplemental files 
when submitting through the Discovery Journal location on ScholarWorks@UARK.
Abstract
The Abstract summarizes the purpose, procedures, and main findings in 250 words or less.
Introduction
The Introduction states the purpose of the study, the hypothesis, and pertinent background information.
Materials and Methods
The Materials and Methods section describes the experimental design, materials used, statistical analysis 
(required), and any other details needed for another researcher to reproduce the study and to confirm the 
validity of findings and conclusions.
Results and Discussion
The Results and Discussion section presents appropriate data, but not all data, in text, tables, and figures 
and places the findings in context with other research in the field. The discussion emphasizes new and impor-
tant aspects of the research and conclusions that follow from them. Include the implications and impact of the 
findings. Relate your findings to observations of other studies. State new hypotheses when warranted, but 
avoid unqualified statements not supported by your data.
Conclusions
The Conclusions section presents a brief (one paragraph) summation of the research project presented in 
the paper and the significance of the findings and practical applications. No references are necessary and 
please do not introduce new material not discussed previously in the paper.
Acknowledgements
The Acknowledgement section recognizes financial support (undergraduate research grants, etc.) and other 
assistance. Note support by any companies or parties with a vested interest in the research results. Please 
thank your advisor, other professors, co-authors, and other individuals who helped with your research in the 
Meet the Student-Author section NOT in Acknowledgements.
Literature Cited 
The Literature Cited section lists the complete references corresponding to those cited in the text. Within 
the text, references are indicated by (Last Name, Year); e.g., (Jones, 2000) (Smith and Jones, 2000) (Brown et 
al., 2000; Finn, 1998). List the complete citation alphabetically (by the first author’s last name). Multiple cita-
tions of the same author are listed chronologically or by order of reference in the text if dated the same year.
It is required that references be written as follows: Author(s). Year. Title. Journal title. (month and date if 
appropriate); volume:pages. As below, no italics, (unless Latin phrase or word, which requires italics):
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Jones, G.R., W.F. Smith, and T.Q. Brown. 1999. Seasonal nitrate content of tall fescue. Agron. J. 55(3):49-53.
Please note: for the first author, the initials come after the surname. For subsequent authors, the initials come 
before the surname. 
Book references are written as follows:
Authors or editors. Year. Title. Publisher, Place of publication. As below, no italics, (unless Latin phrase or 
word, which requires italics):
Ryugo, K. 1998. Fruit Culture: Its Science and Art.
John Wiley and Sons, London.
Internet URL citations are written as follows:
Limon, T.A., R.S. Benz. 2000. Grains of the world. Science on the Web. Prentice Hall. Accessed 17 April 
2000. Available at: http:www.sciweb.com
NOTE: Please be very meticulous about the proper use of citations. All Discovery papers will be run through 
a check for plagiarism.
Manuscript Submission
Submit your Word manuscript (with page numbers and continuous line numbering) as an 8.5 × 11-in. 
document, with double-spaced, 12-pt. text, in a single column, to the Discovery journal on ScholarWorks@
UARK by choosing the Submit Article option on the left side of the screen at:
https://scholarworks.uark.edu/discoverymag/
DO NOT submit through the thesis part of ScholarWorks@UARK. You must submit from within the 
Discovery site.
You will be prompted through instructions on what to upload. Please direct any questions to the Manag-
ing Editor, Gail Halleck: 575-5670 or ghalleck@uark.edu, Division of Agriculture Communications, 110 
AGRI, University of Arkansas, Fayetteville, AR 72701.
Also, phone the Division of Agriculture's Communications office at (479) 575-5647 to arrange an ap-
pointment to have your photo taken for the journal by Fred Miller. Unless otherwise indicated, the editor 
will correspond with the first author for revisions, approval of proofs, etc.
NOTE: The first author (student) must include a current and a forwarding e-mail address (or phone num-
ber) for contact outside the school year. Please complete the Student Contact Information that you will be 
prompted for when you submit through ScholarWorks@UARK. It will be loaded as a supplemental file.
https://aaes.uark.edu/files/2019/09/Student-Summer-Contact-Form.pdf 
Supplemental Information Checklist
• An abstract (you will copy and paste into a separate window but abstract must remain in your Word 
document as well).
• Cover letter stating your intent to submit (title of paper) to the Discovery journal with signatures of ALL 
co-authors included.
• Summer contact form (see above for website link).
• Biographies for each student author (see past issues for example of what to include) and Research At 
a Glance bullet points.
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• Photos (at least 72 DPI, if possible) of you performing your research in the field or lab; participating 
in internships; studying abroad; presenting at conferences, etc. for inclusion in our Meet the Student 
Author portion of each paper. 
Review Procedures
Papers will be reviewed by a reviewer, and decisions registered as follows:
• Publish with minor revision
• Publish with acceptable major revision
• Reject
Written comments of reviewers will be provided to the author usually via track changes through Word. 
Student authors are expected to make revisions as part of the publication process. Students will be required 
to submit a separate file stating how each comment was addressed in the revision. If the student author dis-
agrees with a suggestion, the rationale for not making a suggested change should be provided.
View an example of a response to reviewer document at: 
https://arkansasagnews.uark.edu/example_of_response_to_reviewer_comments.pdf
When a paper is accepted “with revisions,” a revised manuscript will need to be submitted through Schol-
arWorks@UARK and the managing editor will approve a final draft for publication.
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